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INTRODUCTION 


Organizations  have  two  systems  of  resources:  the  technical  system  which 

includes  the  physical  plant,  available  knowledge  and  techniques,  inventories, 
financial  investments,  etc.,  and  the  human  system  which  includes  not 
only  the  individuals  who  are  part  of  the  organization,  but  their  skills, 
knowledge,  established  relationships  and  motivation  to  accomplish  the 
organization's  goals.  Managers  are  becoming  increasingly  aware  of  the 
necessity  to  optimally  utilize  both  resource  systems.  The  variety  of  tech- 
niques, ranging  from  accounting  to  industrial  engineering  and  systems  analysis, 
that  focus  on  fuller  utilization  of  the  organization's  physical,  technical 
and  financial  resources  are  well  known.  Information  systems  which  provide 
knowledge  necessary  for  fuller  utilization  of  an  organization's  human  or 
social  system  are  in  a relatively  primitive  state.  The  purpose  of  the 
present  study  is  to  explore  and  demonstrate  a method  for  providing  this  type 
of  information. 

While  Brogden  and  Taylor  suggested  as  early  as  1950  the  development  of 
indices  measuring  the  value  of  an  employee  to  an  organization,  it  has  not  been 
until  recently  that  much  activity  has  taken  place.  Presently,  there  are 
three  substantially  different  approaches  to  what  has  become  knov/n  as  human 
resources  accounting. 

(1)  The  "Incurred  Cost"  method--measuring  the  amounts  already 
invested  in  the  human  organization  (Brummet,  Pyle,  5 
Flamholtz,  1958;  Pyle,  1970t,,  1979b). 


2 


(2)  The  "Replacement  Cost"  method- -estimating  the  cost  of 
replacing  the  organization's  human  resources  (Flamholtz, 

1969). 

(3)  The  "Present  Value"  method— estimating  the  future  pro- 
ductive potential  of  today's  human  resources  (Likert, 

1967;  Likert,  Bowers,  & Norman,  1969;  Likert  & Bowers,  1973). 

The  purpose  of  the  present  study  is  to  demonstrate  the  appropriateness 
and  the  feasibility  of  the  "Present  Value"  technique.  Also  called  a current 
value  approach,  its  purpose  is  to  predict  the  future  productive  capacity 
of  the  organization  based  upon  the  current  assessment  of  human  resources. 

The  study  has  too  highly  related,  but  sequential  parts.  The  first  phase 
examined  the  relationship  between  organizational  effectiveness  and  measures 
of  the  human  organization.  This  analysis  included  both  simple  and  multiple 
correlations,  and  investigation  of  the  time  lag  between  the  causal  and 
intervening  variables.  These  results  are  provided  in  the  work  of  Pecorella 
and  Bowers  (1976a,  1976b,  1977).  They  were  able  to  establish  the  existence 
of  a significant  relationship  between  the  human  variables  as  measured  by 
the  Survey  of  Organizations  (SOO)  and  the  too  effectiveness  measures,  total 
variable  expense  (TVE)  and  absenteeism  (ABS).  This  analysis  was  based  on 
data  from  several  different  organizations  with  different  technologies  and 
included  investigation  of  the  relationships  within  these  organizations  as 
well  as  for  the  entire  group.  Additionally,  the  effectiveness  measures 
Mere  examined  across  time  to  see  how  the  relationship  to  the  human  variables 
changed  over  time.  The  results  show  a strongly  similar  pattern  of  relation- 
ships within  organizations  and  a definite  time  lag  effect  which  produces 
the  strongest  relationships  seven  to  ten  months  after  the  measurement  of 


the  human  variables.  The  next  strongest  relationship  was  found  at  the  time 
surrounding  the  measurement  of  the  human  variables. 

The  second  phase  of  the  study  involves  the  use  of  the  observed  relation- 
ships between  the  SOO  and  organizational  effectiveness  measures  to  demonstrate 
the  current  value  methodology.  [This  approach  is  also  termed  Future  Perfor- 
mance Trend  Indicators  (FPTI)  since  it  involves  the  prediction  of  future 
organizational  performance  from  current  indicators  of  the  state  of  the 
human  organization.] 

This  report  presents  and  examines  in  detail  the  technical  and  statistical 
implications  of  operationalizing  a multivariate  version  of  Future  Performance 
Trend  Indicators.  First,  some  theoretical  considerations  of  the  current 
value  model  will  be  discussed.  This  will  be  followed  by  an  extension  of  the 
univariate  model  to  a multivariate  situation.  Next,  the  interplay  between 
the  current  value  methodology  and  the  characteristics  of  the  data  file  will  be 
discussed.  Finally,  the  mathematical  model  selected  to  estimate  the  FPTI 
will  be  presented.  The  assumptions  underlying  the  model  and  hov/  well  they 
are  met  will  be  examined,  as  will  the  selection  of  an  efficient  set  of  pre- 
dictors which  are  consistent  across  time.  The  next  report  will  include  the 
value  attribution  using  the  equations  developed  herein  and  a test,  where 
sufficient  data  exists,  of  the  assumptions  that  the  predictor-criterion 
relationship  estimated  at  one  point  in  time  is  an  adequate  estimate  of  that 
same  relationship  at  a subsequent  point  in  time. 
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THE  CURRENT  VALUE  METHOD 


The  conceptual  and  statistical  bases  of  the  current  value  methodology 
have  been  discussed  elsewhere  (Likert,  1973;  Likert  & Bowers,  1973;  Bowers 
& Pecorella,  1975).  However,  it  seems  appropriate  to  review  certain 
features  implicit  in  this  technique  as  applied  herein  to  develop  FPTI. 

Some  theoretical  and  conceptual  issues  will  be  discussed  followed  by  an 
extension  of  the  univariate  statistical  procedures  to  the  multivariate  case. 


Theoretical  Issues 

One  of  the  distinguishing  characteristics  of  FPTI  is  the  prediction  of 
future  performance  based  on  current  knowledge.  If  this  is  to  be  done, 
several  characteristics  of  the  nature  of  the  relationship  between  the  predictor 
and  criterion  variables  must  be  determined.  This  relationship  is  established 
by  measuring  the  predictor  variables  at  some  point  in  time  (T^)  and  then 
measuring  the  criterion  variables  at  one  or  more  subsequent  points  in  time 
T^+2,. . .T^+k. . .T^+t) . The  nature  and  extent  of  the  relationship 
between  the  predictors  at  T^  and  the  criterion  at  T^^+k , etc.,  are  then 
established  using  an  appropriate  statistical  methodology.  A different  equation 
for  each  value  of  k is  assumed  necessary.  In  order  to  make  predictions  the 
predictor  variables  are  measured  at  some  time  subsequent  to  T^,  say  T',  and 
these  values  are  then  used  to  predict  the  state  of  the  criterion  variable  at 
times  T^+k.  To  do  this  it  is  assumed  that  the  nature  of  the  relationship 
between  predictor  and  criterion  is  invariant  from  T^+k  to  T^+k.  In  other 
words,  we  assume  a constant  relationship  between  the  measurement  of  the 
human  organization  at  some  point  in  time  and  the  measurement  of  organizational 
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effectiveness  taken  at  a fixed  subsequent  time.  As  evidenced  by  the 
findings  of  Pecorella  and  Bowers  (1977)  in  their  analysis  of  time  lag 
effects,  it  is  important  that  the  FPTI  developed  acknowledge  the  change  in 
the  predictive  relationship  from  T^+i  to  T^+k.  Thus  we  are  not  assuming 
a constant  predictor-criterion  relationship  for  the  time  periods  between 
the  collections  of  the  predictive  data. 

The  purpose  of  FPTI  is  to  provide  input  about  the  human  system  to 
management  information  systems.  With  this  in  mind,  it  makes  sense  that 
only  those  costs  which  can  be  affected  by  the  predictors  would  be  included. 
Thus,  variable,  not  fixed,  costs  (as  in  Total  Variable  Expense)  must  be  used 
as  criteria  regardless  of  whether  these  costs  are  computed  on  a unit  basis 
(Likert  & Bowers,  1973)  or  in  some  other  manner.  Furthermore,  it  would  seem 
useful  to  include  as  predictors  only  those  variables  which  the  organization 
can  influence.  While  general  economic  conditions  may  affect  turnover,  any 
given  organization  has  little  influence  on  these  conditions.  Thus,  one  would 
not  expect  a change  in  organizational  effectiveness  to  be  effected  through 
the  impact  of  organizational  practices  on  general  economic  conditions,  and  the 
subsequent  effect  on  turnover  since  the  initial  impact  on  economic  conditions 
is  generally  quite  low.  The  conclusion  is  that  predictors  selected  should 
be  at  least  potentially  subject  to  organizational  influence  and  the  criteria 
should  be  variable  costs  which  can  be  impacted  by  changes  in  employee  behavior. 
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An  exception  to  these  general  guidelines  for  selection  of  predictors  is 
suggested  by  the  above  example  of  the  influence  of  external  economic  condi- 
tions on  turnover.  It  may  be  desirable  to  include  as  predictors  certain 
variables  which,  while  not  subject  to  orga>"i2ational  influence,  modify  the 
nature  of  the  relationship  between  the  criterion  and  those  predictor  variables 
subject  to  organizational  influence.  If  these  modifying  variables  are  to  be 
included,  however,  care  must  be  taken  v/hen  attributing  value  to  changes  in 
the  state  of  the  human  organization  to  include  changes  in  value  attributable 
only  to  causal  variables  and  not  to  the  modifying  variables  which  are  only 
indicative  of  the  changed  relationship  between  the  causal  variables  and  the 
criterion.^  An  alternative  to  including  these  modifying  variables  in  the 
equation  would  be  to  develop  a set  of  equations  for  different  combinations 
of  values  on  these  modifying  variables.  This  is  essentially  the  approach 
herein  with  regards  to  the  modifying  variable  "time  since  administration 
of  the  SCO."  Different  equations  are  developed  to  describe  the  SOO-cri terion 
relationship  for  different  periods  of  time  subsequent  to  the  SOO  administration. 

There  are  two  issues  which  are  somewhat  related  to  the  one  above: 
the  level  at  which  phenomena  are  measured  and  the  theoretical  model 
relating  the  measured  dimensions  of  the  human  system  to  changes  in 
organizational  effectiveness.  As  stated  by  Pecorella  and  Bov/ers  (1976)  and 
by  Mirvis  and  Lawler  (1977),  a causal  model  v/here  links  between  the  predictors 
and  the  criterion  are  known  is  desirable  for  accurate  prediction.  Mirvis/ 
Lawler  prefer  a model  which  operates  at  the  individual  level.  Attitude  change 
is  seen  as  leading  to  individual  behavior  change  which  leads  to  changes  in 
organizational  costs.  What  is  omitted  are  the  conditions  subject  to  organi- 
zational control  which  lead  to  the  attitude  change.  In  the  model  used  herein, 

*In  the  present  study  it  was  found  that  inclusion  of  certain  structural 
variables,  e.g.,  organizational  size,  permitted  an  increase  in  the  ability 
to  predict  ABS.  An  investigation  of  two  such  variables  is  presented  in 
Section  4,  after  the  data  set  and  the  mathematical  model  have  been 
discussed. 
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organizational  conditions  are  viewed  as  leading  to  behavior  change  both  directly 
and  via  attitude  change.  A related  difference  is  that  the  present  model  is 
concerned  with  changes  in  the  behavior  of  the  group,  not  of  che  individual, 
even  though  the  measures  of  group  behavior  may  be  computed  by  aggregating 
individual  level  measures.  The  necessity  of  aggregating  individual  measures 
to  arrive  at  group  or  higher  level  measures  does  not  invalidate  the  group 
concepts.  The  issue  is  not  the  arithmetic  of  score  calculation  but  rather  the 
researcher's  theoretical  perspective  and  its  ability  to  explain  what  causes 
the  observed  phenomena.  It  seems  unnecessary  to  point  out  that  certain 
phenomena  may  be  explained  at  the  work  group  level  while  others  are  better 
explained  at  individual  or  organizational  levels. 

Multivariate  Model 

Likert  (1973)  presents  the  statistical  methodology  for  relating  a single 

measure  of  the  human  organization  to  a measure  of  organizational  effectiveness. 

Briefly,  this  consists  of  (1)  computing  the  Pearson  product  moment  correlation 

between  the  measures,  (2)  converting  both  measures  to  standard  scores 

» (3)  multiplying  the  standard  score  change  in  the  predictor 
SD 

measure  (Z'-Z^)  by  the  correlation  coefficient  to  arrive  at  the  predicted 

/N 

standard  score  change  in  the  cost  measure  (A2y).  This  change  is  then 
converted  to  raw  score  form  by  multiplying  it  by  the  standard  deviation  of 
the  Y scores.  Mathematically: 

X = human  organization  predictor  score  at  time  1. 

X'  = human  organiz  i.ion  predictor  score  at  time  2. 

Y = actual  criterion  score  at  time  1+k 


Y 


actual  criterion  score  at  time  2+k 
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Y = predicted  Y score 

Z.  = X-)T  = standardized  predictor  score 
SD^ 


Z 


y 


Y-Y 

so 


standardized  criterion  score 


y 


AX 

= 

X-X 

<>- 
^ 1 
<>- 

II 

<>- 

<I 

= 

ys  yv  > /s 

‘'y  ' ^y-^y 

^y 

= 

Pearson  product  moment  correlation  betv;een  X and  Y 

^0 

= 

regression 

constant 

= 

regression 

weight  for  X. 

Y 

= 

Bp+BiX 

(1) 

Z 

y 

= 

r *Z 
xy  X 

(2) 

AZy 

= 

r *AZ 
xy  X 

(3) 

A. 

AY 

= 

(4) 

i 


Equation  (1)  is  the  univariate  linear  regression  model  in  raw  score  form. 

Equation  (2)  is  the  same  model  in  standard  score  form.  Equation  (3)  is  the 
calculation  of  change  in  the  predicted  standardized  value  of  Y attributable 
to  change  in  X.  Equation  (4)  is  conversion  of  the  predicted  standardized 
change  in  Y to  raw  score  change.  The  conversion  to  standard  scores  makes 
Bp  equal  to  0 and  Bi  equal  to  r^^^  and  thus  makes  the  strength  of  the 
predictor-criterion  relationship  more  evident.  In  a multivariate  situation, 
however,  the  regression  weight  associated  with  each  predictor  will  generally 
not  be  equal  to  either  the  zero  order  or  partial  correlation  coefficients  even 
if  all  variables  are  in  standardized  form.  The  regression  weight  will  generally 
not  give  the  amount  of  change  in  Z^  for  a unit  change  in  standard  predictor  scores 
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unless  all  predictors  are  orthogonal  (Gordon,  1968;  Linn,  Werts  & Tucker, 
1971).  Therefore,  there  is  generally  no  advantage  to  standardizing  any  of 
the  variables  in  a multivariate  case.  Because  of  the  nature  of  the  data 
peculiar  to  this  study,  however,  it  was  necessary  to  standardize  the 
scores.  This  is  dealt  with  in  the  next  section. 

The  multivariate  methodology  follows  directly  from  the  more  simple 
univariate  case.  Remaining  in  a raw  score  format  and  using  a _ to  indicate 
a matrix  of  scores  corresponding  to  the  predictor  variables,  we  have: 


Y 

B +BX 
-0  — 

(5) 

AY 

BAX 

(6) 

where  B„ 

is  a constant 

valued  vector. 

-0 


Equation  (5)  estimates  the  relationship  between  and  Equation  (6) 
applies  this  relationship  to  an  observed  change  in  X,  A^,  to  arrive  at  a 
change  in  the  predicted  value  of  Y.  It  should  be  noted  that  this  procedure 
is  algebraically  equivalent  to  computing  'i'  as  the  product  of  and  ^ and 

ys  A. 

then  computing  = Y_^-Y^.  Mathematically: 

/V 


I 

B +BX 
-0  — 

(5) 

M 

> 

<>-! 

B'+B'X" 
—0 

(7) 

AX 

(8) 

AY 

£"-Y  = B^+B"x"  - 

(Bq+BXJ 

Assuming 

B"  = B and  B'=B 
— — -0-0 

then : 

AY 

B(X"-X)  = BAX. 

(9) 

The  assumptions  and  ai^e  the  same  as  the  assumption  discussed  earlier, 

namely  that  the  predictor  to  criterion  relationship  is  the  same  at  T^+k  as 
it  is  at  T'+k.  The  appropriateness  of  a multiple  linear  regression  model 
for  the  present  data  file  will  be  discussed  in  Section  4. 
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Use  of  Change  Scores 

As  indicated  by  previous  conceptual  discussions  (Pecorella  & Bowers, 
1976a;  Likert  & Bowers,  1973)  and  the  above  statistical  explication,  the 
current  value  methodology  rests  on  the  observation  of  change  in  causal  pre- 
dictor variables  which  is  then  used  to  estimate  a future  change  in  some 
criterion  of  employee  or  work  group  behavior.  Attention  to  issues  in  the 
measurement  and  analysis  of  change  has  increased  with  its  popularity. 

A change  score  is  defined  as  the  difference  between  two  measurements  of 
the  same  attribute  taken  at  different  points  in  time.  Thus,  in  the  present 
study  A^=  is  a change  score. 

Cronbach  and  Furby  (1970)  and  Kessler  (1977)  both  list  four  basic  uses 
of  change  scores;  (1)  in  the  analysis  of  experimental  data,  (2)  as  criterion 
scores  in  correlational  studies,  (3)  as  indicators  of  theoretical  constructs 
which  cannot  be  measured  directly  and  (4)  to  identify  exceptional  individuals 
(Cronbach  & Furby,  pg.  77).  They  do  not,  however,  address  themselves  to 
the  use  or  change  scores  as  predictors  of  change  in  a criterion. 

It  is  clear  that  the  problems  associated  with  the  computation  of  change 
scores  will  exist  regardless  of  their  intended  use.  These  problems  center 
about  two  issues:  (1)  the  reliability  of  change  scores,  and  (2)  the 

effects  of  "regression  towards  the  mean." 

As  shown  in  equation  (10),  the  reliability  of  a change  score  is  a 
function  of  its  component  score  (the  scores  on  the  attribute  at  T^  and  again 
at  T')  reliabilities  (R  & R ^)  and  its  component  score  intercorr^*  ations 

0 XX 
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VAR(X)R^  + VAR(X")R^.  - 2SDU)SD(X')r^^. 
VAR(X)  + VARU")  - 2SD(X)SD(X")r  . 


(10) 


standard  deviation 

variance 

reliability 

Pearson  product-moment  correlation  between  X and  X' 


These  effects  may  be  more  easily  seen  if  we  assume  that  VAR(X)=VAR(X') , and 
R^=R^^  (Kessler,  1977),  Doing  so,  equation  (10)  becomes  equation  (11). 
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2VAR(X)(R^)  - 2VAR(X)r^^.  R^-r^^, 
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From  equation  (11)  we  see  that  the  upper  limit  of  the  change  score  reliability 
is  the  reliability  of  its  component  scores  (if  R ^R  ^ then  the  larger  of  the 
two  is  the  limit  of  This  is  not  a surprising  result  since  we  would 

hardly  expect  the  difference  between  two  component  scores  to  be  more  reliable 
than  the  most  reliable  of  the  component  scores.  Equation  (11)  also  demon- 
strates that  as  the  correlation  betv/een  X and  X'  (r  >)  increases,  the 

AA 

reliability  of  their  observed  difference  decreases.  This  may  be  seen 
intuitively  if  one  considers  that  when  r , is  very  high,  we  would  say  that 
X and  X'  are  almost  identical  to  each  other.  Any  observed  difference  between 
two  nearly  identical  quantities  will  reflect  little  more  than  measurement 
error.  Since  the  difference  is  our  change  score,  it  follows  than  when  r ^ 

XX 

is  high,  the  change  score  reliability,  R^^  will  be  low. 
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It  is  interesting  to  note  a potential  fallacy  here.  Test-retest 
reliability,  which  is  a measure  of  stability  over  time,  is  perhaps  the  most 
cotimon  conception  of  component  score  reliability.  Any  atteirpt  to  measure 
reliability  in  this  manner  while  attempting  to  measure  change  results  fn 
conceptually  ( and  often  algebraically)  equating  and  This 

necessarily  produces  low  change  score  reliabilities  which  can  be  attributed 
to  lov/  component  score  reliabilities  (if  R =r  ^ is  low)  or  to  high 
component  score  intercorrelations  (if  R =r  ^ is  high).  Thus,  the  reliability 

XX 

of  the  change  scores  will  inevitably  suffer  if  component  score  stability 
(the  most  cormion  definition  of  reliability)  and  change  are  measured  at 
the  same  time.  The  alternative,  assuming  a decision  to  use  change  scores, 
is  to  use  a measure  of  reliability  other  than  stability  measured  at  the 
same  time  at  which  change  is  being  measured.  In  the  present  study,  R^ 
is  measured  by  Cronbach's  alpha,  a measure  of  internal  consistency. 

Thus,  the  potential  fallacy  described  above  is  not  of  concern  here.  The 
change  score  reliabilities  herein,  reported  in  Table  1 along  with  component 
score  reliabilities  and  intercorrelations,  are  necessarily  a function  of 
R , R and  r Hov;ever,  since  the  definition  and  computation  of 
component  score  reliability  (R^,R^^)  is  clearly  distinct  from  that  of 

X X 

component  score  stability  over  time  (r  ^),  we  are  able  to  obtain  generally 
high  reliabilities  for  both  the  component  and  change  scores.  The  figures 
reported  in  Table  1 were  computed  for  the  797  work  groups  which  have 
SOO  measures  available  for  T^  and  T'.  These  are  the  v/ork  groups  for 
which  change  scores  will  be  calculated  and  value  attribution  made. 

The  second  problem  associated  with  gain  scores  is  a "regression  toward 
the  mean"  effect  which  produces  a negative  correlation  between  A)^  and  X. 
Kessler  (1977)  describes  three  mechanisms  by  which  this  effect  occurs 
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Table  1 

SOO  CHANGE  SCORE  RELIABILITIES^ 


INDEX 


Supervisory  Support 
Supervisory  Goal  Emphasis 
Supervisory  Work  Facilitation 
Supervisory  Team  Building 
Peer  Support 
Peer  Goal  Emphasis 
Peer  Work  Facilitation 
Peer  Interaction  Facilitation 
Human  Resources  Primacy 
Communication  Flow 
Motivational  Conditions 
Decision  Making  Practices 
Satisfaction 


2R  . 

X 

3 r 

“♦R 

Ax 

.91 

.93 

.43 

.86 

.83 

.89 

.49 

.73 

.90 

.92 

.44 

.84 

.91 

.93 

.49 

.84 

.85 

.88 

.33 

o 

CO 

• 

.80 

.82 

.36 

.69 

.89 

.88 

.32 

.83 

.89 

.90 

.35 

.84 

.91 

.91 

.69 

.71 

.81 

.86 

.54 

.64 

.80 

.86 

.59 

.59 

.65 

.88 

.62 

.36 

.84 

.89 

.51 

.73 

^Figures  shov/n  are  for  all  v/ork  groups  with  SOO  scores  at  T^  and  T^'  (N=797) 
^R  and  R ^ are  the  alpha  coefficients  for  SOO  indices  measured  at  T and 

XX  0 

T^  respectively. 

^r^^^  is  the  inter-wave  correlation  of  T^  and  T'  SOO  index  scores. 

reliability  of  the  change  score  computed  as  shown 

on  page  11. 
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and  discusses  the  most  popular  correction  for  this  the  effect.  Briefly, 
this  correction  involves  the  use  of  the  residuals  of  the  gain  scores  after 
they  have  been  regressed  on  the  component  scores.  Thus,  the  quantity 
(AX-AX),  where  AX  = B^+B  X,  is  used  as  a "residualized"  gain  score.  Both 
Cronbach  and  Furby  (1970),  and  Kessler  (1977)  argue  that  this  correction 
is  of  limited  or  no  use. 

While  the  problems  inherent  in  change  score  computation  are  fairly 
well  known,  their  implications  for  the  various  uses  of  change  scores  are  still 
being  actively  debated  (Kessler,  1977).  Furthermore,  the  debate  centers 
on  the  four  uses  of  change  scores  listed  above  and  whether  and  how  they  should 
be  corrected;  to  our  knowledge  the  debate  has  not  yet  touched  on  change 
scores  as  used  in  the  present  study,  i.e.,  as  predictors  in  a regression 
equation  developed  from  one  wave  of  the  component  scores.  Given  this  lack 
of  guidance,  our  strategy  has  been  to  use  the  raw  or  uncorrected  gain 
scores  (A^=^^-^)  as  opposed  to  applying  one  of  the  various  "correction 
formulae."  Our  rationale  for  this  is  two-fold;  first,  these  correction 
formulae  are  shown  to  be  of  extremely  limited  use  (Cronbach  & Furby,  1970). 
Second,  the  current  use  of  change  scores  does  not  fall  into  any  of  the 
previously  examined  purposes  and  there  is  no  advantage  in  simply  applying 
a correction  formule  without  an  explicit  theoretical  and/or  statistical 
rationale. 


I 


15 


DATA  FILE  CHARACTERISTICS 


The  conditions  necessary  for  operationalization  of  the  current  value 
methodology  have  been  enumerated  by  Likert  and  Boivers  (1973).  The  extent  to 
which  these  conditions  can  be  met  given  the  current  state  of  knowledge 
is  further  described  by  Pecorella  and  Bowers  (1976a).  Pecorella  and  Bowers 
(1976a,  1976b,  1977)  have  also  assessed  the  extent  to  which  the  data  used  in 
the  present  study  meet  these  conditions  and  concluded  this  data  file  does 
meet  the  requirements  for  the  development  of  future  performance  trend 
indicators  using  the  current  value  approach  to  human  resources  accounting. 

Our  purpose  in  this  section  is  to  describe  the  characteristics  of  the 
data  in  order  to  demonstrate  the  effect  these  characteristics  have  on  the 
analyses  and  to  provide  a base  from  which  the  necessity  and  appropriateness 
of  subsequent  operations  may  be  considered. 

Previous  Analyses 

A brief  review  of  previous  analyses  and  a discussion  of  their  implica- 
tions for  the  development  of  FPTI  is  presented  here.  The  analyses  themselves 
and  a more  complete  discussion  are  presented  by  Pecorella  and  Bowers 
(1976a,  1976b,  1977). 

Data  File  Content 

The  data  file  contains  two  waves  of  scores  from  five  organizations  on 
13  predictor  variables  from  the  Survey  of  Organizations  (SOO)  (Taylor  & 
Bowers,  1972).  These  two  waves  of  data  were  collected  11  to  24  months  apart. 
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The  file  also  includes  scores  on  two  criterion  variables.  Total  Variable 
Expense  (TVE),  an  ultimate  criterion  of  organizational  effectiveness  and 
Absenteeism  (ABS),  a penultimate  criterion  of  organizational  effectiveness. 
Each  criterion  measure  was  collected  from  a different  subset  of  four  of 
the  five  organizations  on  a monthly  basis,  though  not  all  months  were 
collected  for  all  organizations. 

The  13  SOO  indices  were  selected  from  16  possible  indices  based  on  their 
internal  consistency  and  the  availability  of  complete  data  sets.  ABS  and 
TVE  were  selected  from  a set  of  five  possible  criteria  as  the  ones  for  which 
sufficient  data  across  time  and  across  organizations  was  available.  The 
existence  of  significant,  directionally  correct  relationships  was  established 
by  examination  of  the  Pearson  product  moment  correlations  between  each  index 
and  the  criterion  variables. 

TVE  measures  are  available  for  a total  of  19  periods  (A-S)  covering 
38  months  and  ABS  measures  are  available  for  10  periods  (A-J)  covering 
28  months.  This  report  will  deal  with  periods  A through  I for  TVE  and  A-J 
for  ABS  since  these  periods  cover  the  duration  of  time  (1  year)  for  which  the 
FPTI's  will  be  developed. 


Performance  Periods 

It  was  desirable  that  the  performance  measure  not  reflect  minor  month 
to  month  fluctuation  while  still  being  capable  of  showing  changes  over  time. 
Thus  the  decision  was  made  to  group  consecutive  months  into  periods  in  such 
a way  as  to  maximize  the  consistency  of  the  performance  measure  within 
each  period.  The  monthly  TVE  and  ABS  data  from  each  organization  were  subject 


to  a Smallest  Space  Analysis  (Roskam  & Lingoes,  1970).  The  results  of  the 
analysis  were  used  to  define  multi -month  performance  periods  where  two  criteria 
had  to  be  met  for  a group  of  months  to  be  assigned  to  a period:  first,  all 

months  in  a period  had  to  be  sequential;  second,  the  values  for  the  months 
had  to  be  located  empirically  close  together  in  N dimensional  space 
(Pecorella  & Bowers,  1976a).  The  period  performance  score  (TVE  & ABS)  for 
each  cost  center  was  computed  as  the  mean  of  that  cost  center's  performance 
scores  for  the  months  included  in  that  period.  Thus,  a total  of  151  and  73 
month  by  organization  cells  for  TVE  and  ABS  were  reduced  to  56  and  29 
period  by  organization  cells  for  TVE  and  ABS,  respectively.  Table  2 shows 
the  resulting  number  of  cases  available  from  each  organization  for  computation 
of  the  prediction  equation  for  each  TVE  and  ABS  period. 

We  note  that  while  the  periods  across  organizations  are  similar  the 
months  contained  in  a period  from  each  organization  are  not  identical.  Thus 
month  Tq‘-3  (three  months  after  the  first  wave  of  the  SOO  was  administered) 
in  one  organization  does  not  necessarily  fall  in  the  same  period  as  does  month 
Tq+3  for  another  organization.  Also,  since  the  size  of  periods  varies  from  one 
to  11  months,  it  is  possible,  for  example,  to  have  an  eight  month  period  in  one 
organization  which  corresponds  to  two  four  month  periods  in  another  organization. 

One  effect  of  defining  performance  periods  in  this  manner  was  seen  in 
the  analyses  examining  the  existence  and  generalizability  of  the  multivariate 
relationships  between  13  SOO  indices  and  the  criterion  measures  of  ABS  and 
TVE  (Pecorella  & Bowers,  1977).  Given  the  hypothesis  that  this  relationship 
changes  as  one  gets  further  away  in  time  from  the  collection  of  the  SOO  data, 
it  was  desirable  to  combine  the  periods  from  each  organization  which  were 
similar,  if  not  identical,  in  their  distance  from  T^  (first  SOO  administration) 
when  computing  the  regression  problems  by  period  across  organizations. 


NUMBER  OF  CASES  BY  PERIOD  AND  ORGANIZATION 
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Therefore,  the  alphabetic  labels  assigned  to  each  period  were  assigned  so  as 
to  maximize  the  correspondence  of  the  distances  from  of  periods  assigned 
the  same  labels.  As  a result,  some  periods  are  assigned  two  labels. 
Additionally,  in  any  given  organization  two  consecutive  periods  will  always 
be  labelled  sequentially  but  not  necessarily  consecutively.  This  is  demon- 
strated in  Pecorella  and  Bowers  (1977,  pg.  22).  The  major  implication  of 

this  feature  is  in  the  designation  of  which  period  regression  equation  will 
be  used  to  predict  performance  for  a given  month.  This  will  be  discussed  in 
the  next  report  where  changes  in  performance  predicted  by  period  will  be 
converted  to  predictions  by  month. 

Imputation 

SOO  data  were  collected  by  work  group  and  criterion  data  Avere  collected 
by  cost  center.  Each  cost  center  consists  of  one  or  more  work  groups.  In 
order  to  relate  the  state  of  the  organization  as  measured  by  the  SOO  to 
organizational  effectiveness  the  cost  center  criterion  scores  were  assigned 
to  all  work  groups  in  the  cost  center.  This  imputation  process  provides  a 
relatively  large  N (equal  to  the  number  of  work  groups)  for  analysis. 

However,  it  also  reduces  criterion  variance  by  causing  an  artificially 
large  number  of  tied  scores.  As  a result,  a conservative  limit  is  placed  on 
the  size  of  the  multiple  correlation  between  the  SOO  indices  and  the  criteria. 

The  alternative  to  imputation  would  have  been  to  assign  the  average 
of  the  work  group  SOO  scores  to  the  cost  center  and  perform  the  analyses  at 
the  cost  center  level.  As  indicated  by  the  imputation  rates  (Pecorella  & 
Bowers,  1977,  pg.20),  however,  this  would  have  drastically  reduced  the  number 
of  cases  below  the  number  necessary  for  this  analysis.  Therefore  the 
imputation  alternative  was  selected,  despite  the  minimizing  effect  it  has 
on  the  size  of  R. 
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Current  Analyses 

Standardization 

As  previously  described,  the  data  file  contains  predictor  and  criterion 
scores  from  five  different  organizations  which  for  the  purposes  of  this  study 
are  merged  together  to  represent  one  hypothetical  organization  (Pecorella 
& Bowers,  1976a).  In  order  to  do  this  the  relationships  between  predictors 
and  criteria  and  the  measures  themselves  must  be  in  some  sense  comparable. 
This  requirement  will  be  discussed  separately  for  criterion  and  predictor 
measures. 

Criterion  Standardization 

The  definitions  of  TVE  and  ABS  have  been  listed  previously  for  each 
organization  (Pecorella  & Bowers,  1977,  p.  19).  While  not  identical,  each  of 
these  measures  is  similar  to  the  same  measure  for  the  other  organizations. 
However,  the  different  bases  from  which  these  measures  were  computed  and 
the  different  metrics  used  for  each  do  indicate  that  these  measures  are  not 
directly  comparable.  In  order  to  merge  these  different  score  distributions 
into  one  data  file,  therefore,  each  organization's  scores  are  standardized 
against  its  own  distribution.  This  transforms  each  organization 's' scores 
to  Z scores  and  allows  comparison  of  the  measures  from  the  different 

organizations  by  giving  them  equal  means  (2=0)  and  standard  deviations 
(SD=1)  and  eliminating  their  units  of  measurement.  The  necessity  of  per- 
forming this  transformation  raises  the  question  of  whether  the  transformation 
computed  for  each  organization  will  be  done  within  each  performance  period  or 
across  all  performance  periods. 
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Theoretically  one  would  want  to  standardize  within  periods  if  each 
period's  scores  v/ere  sampled  from  different  distributions  and  across 
periods  if  each  period's  scores  were  sampled  from  the  same  distribution. 

While  it  would  be  possible  to  test  the  null  hypothesis  (H^)  that  the  scores 
for  each  period  are  all  drawn  from  the  same  distribution,  the  results  would 
be  of  little  practical  use.  Failure  to  reject  the  using  a test  of  unknown 
power  would  say  nothing  about  the  probability  of  error  in  accepting  the  H^. 
Rejection  of  the  would  not  tell  us  which  periods'  scores  were  sampled 
from  different  distributions  and  which  from  the  same  distribution.  Any 
post  hoc  analysis  would  most  likely  indicate  standardization  across  some 
periods  and  within  others.  When  compounded  by  the  merging  of  four  organizations 
together,  the  resulting  standardization  scheme  would  be  so  intricate  as  to 
be  unmanageable  and  senseless  in  practical  terms. 

Returning  to  the  practical  choice  of  standardizing  either  within  or 
across  periods  (and  not  some  combination  thereof),  it  can  be  seen  that 
standardizing  within  assumes  a maximum  number  of  different  performance  score 
distributions,  i.e.,  each  one  different  from  all  others.  Where  the 
performance  scores  of  two  or  more  periods  are  actually  drawn  from  the  same 
distribution,  standardization  within  will  provide  results  identical  with 
standardization  across  those  periods  except  for  the  effects  of  sampling 
error  on  the  mean  and  standard  deviation  of  the  performance  scores  for  the 
different  periods.  Thus  standardization  within  was  the  method  selected  by 
Pecorella  and  Bov;ers  (1977)  to  compute  the  regression  of  the  performance 


measures  on  the  SOO  indices. 
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Computation  of  the  current  value  of  future  performance  vn‘11  require 
that  predicted  changes  in  performance  made  in  standard  score  form  be  converted 
to  raw  scores.  This  conversion  will  be  accomplished  using  the  same  linear 
transformations  that  were  used  to  standardize  the  performance  data  origi- 
nally. If  the  scores  are  standardized  within  periods,  a different  trans- 
formation will  be  required  for  each  period-organization  cell  and  no 
transformation  will  be  available  to  convert  predicted  standard  scores  to  raw 
scores  for  those  period-organization  cells  where  the  performance  data  is 
missing. 

As  shown  in  Table  2,  there  are  a total  of  30  period  by  organization 
cells  where  the  predicted  change  in  standard  score  could  not  be  converted  to 
a raw  score  for  inclusion  in  the  value  attribution  phase.  Standardization 
across  periods  will  result  in  a single  transformation  being  used  for  each 
organization  (on  each  performance  measure).  Tnis  transformation  will  thus  be 
available  to  convert  all  predicted  standard  score  changes  to  predicted 
raw  score  changes,  regardless  of  whether  criterion  data  was  originally 
available  for  that  particular  period  by  organization  cell.  Thus  the 
original  requirement  for  standardization  plus  the  problem  of  missing  data 
indicates  that  standardization  of  criterion  data  across  periods  is  preferable 
in  this  study. 

The  effect  of  the  two  different  methods  of  standardization  on  the  multiple 
R of  the  regression  equations  also  requires  exploration.  Since  standardiza- 
tion of  the  performance  scores,  whatever  the  method,  is  a linear  transformation 
the  particular  method  selected  (within  or  across)  will  have  no  effect  on  the 
R for  the  prediction  equation  as  long  as  only  one  organization's  data  is 
used  in  computing  the  equation.  Moiwever,  when  two  or  more  organizations 
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are  merged  to  compute  the  prediction  equation,  standardization  within  each 
organization  will  result  in  a different  linear  transformation  being  applied 
to  each  organization's  scores.  In  the  multiple  organization  case  the  shift 
from  one  standardization  scheme  to  the  other  does  change  the  R's  for  the 
equations  as  shown  in  Table  3.  This  effect  is  best  illustrated  graphically. 

In  figure  1 a simplified  case  with  two  organizations  and  only  one  predictor 
variable  is  depicted.  In  Figure  lA  the  predictor- criterion  r's  for 
organizations  I and  II  are  -.8  and  -.6  respectively,  and  the  r for  the  merged 
data  is  -.45,  In  Figure  IB  a different  linear  transformation  has  been  applied 
to  each  organization's  criterion  data  as  indicated  by  the  change  in  the  slopes 
of  the  individual  regression  lines.  Since  this  does  not  effect  the  variation 
about  each  individual  regression  line,  the  r's  for  the  individual 
organizations  remain  the  same.  Hov/ever,  when  considered  as  one  data  set 
the  variation  about  the  regression  line  for  the  merged  data  has  clearly  changed. 
In  this  example  variation  about  the  regression  line  for  the  merged  data 
in  Figure  IB  is  reduced  and  the  absolute  value  of  r is  increased  from  ,45 
to  .55.  Obviously,  the  net  change  will  depend  upon  a number  of  factors 
including  the  M's  for  each  organization  and  the  specific  transformations 
employed.  The  point  is  that  there  is  a change.  As  can  be  seen  by  comparing 
and  Rg  in  Table  3,  in  the  present  study  the  changes  in  the  positive 
direction  are  of  greater  magnitude  and  frequency  than  those  in  the  negative 
di recti  on. 
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Figure  1 

Effect  of  Different  Standardization  Procedures 


Cri teri on 


A.  Standardization  Within 


Criterion 


Predi ctor 
B.  Standa»'di  zation 


EFFECT  OF  CRITERION  STANDARDIZATION  ON  MULTIPLE  R 


Multiple  R for  equations  with  criterion  standardized  within  periods. 
Multiple  R for  equations  with  criterion  standardized  across  periods. 
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Standardization  of  SOO  Data 

The  original  rationale  for  standardization  of  predictor  scores  (Likert 
& Bowers,  1973)  and  its  inapplicability  to  the  multivariate  situation  has 
been  discussed  in  Section  2.  An  alternative  reason  for  standardization 
would  be  that  the  SOO  is  In  some  sense  a different  measure  when  applied  to 
different  organizations.  Although  the  manner  in  which  the  concepts  the 
SOO  measures  are  manifested  may  vary  across  organizations,  the  concepts 
themselves  and  the  theory  which  ties  them  together  are  cotmion  to  a large 
variety  of  organizations  (Taylor  & Bowers,  1972),  including  the 
organizations  represented  in  the  present  study.  Given  this,  differer.ces  in 
SOO  scores  across  organizations  are  due  to  quantitative  differences  in  the 
concept  measured  and  not  merely  the  metric  employed;  therefore,  there  is  no 
real  reason  to  standardize  each  organization's  SOO  scores  against  its  own 
distribution  to  equate  means  at  zero  and  standard  deviations  at  one. 

An  alternative  scheme  would  be  to  standardize  the  SOO  across  organizations. 

Since  this  would  apply  a single  linear  transformation  to  all  organizations’  | 

SOO  scores  (for  each  of  the  13  indices),  this  would  have  no  effect  on  the 
SOO  criteria  correlations.  Therefore,  the  SOO  scores  v/ere  left  unstandardized  ;• 

in  the  present  study.  » 

In  conclusion,  it  should  be  noted  that  the  entire  standardization  issue 
is  more  an  artifact  of  the  combination  of  data  from  different  organizations 
to  illustrate  the  current  value  methodology  than  it  is  a feature  of  the  method 
itself.  The  analogue  of  TVE  for  any  single  organization  would  likely  be 
internally  consistent,  thus  eliminating  the  need  for  standardizing. 

Should  different  measures  be  required,  perhaps  for  different  types  of  work, 
an  empirical  investigation  of  their  inter-relationships  would  likely  provide 
the  best  a,  /er  to  combining  the  measures  into  a single  data  file.  Should 
standardization  be  the  method  of  choice,  it  would  most  likely  be  preferable 
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to  standardize  within  different  time  periods,  unless,  as  in  the  present 
study,  situational  constraints  preclude  this. 

Work  Group  Level 

Cost  center  scores  on  TVE  and  ABS  reflect  the  contribution  of  all  work 
groups  in  the  cost  center  to  its  performance  on  these  measures.  Reporting 
the  criterion  in  this  manner  has  some  specific  advantages,  particularly  in 
regards  to  supervisory  performance.  Since  TVE  is  measured  at  the  cost  center 
level,  it  includes  both  the  direct  effects  of  changes  in  supervisors' 
behavior  at  their  work  group  level  (other  supervisors)  and  the  indirect 
effects  of  their  changed  behavior  at  the  subordinate  work  group  level. 

The  potential  problem  of  distinguishing  these  direct  and  indirect  changes 
and  costing  them  separately  is  thus  avoided  as  is  the  very  real  problem  of 
identifying  and  costing  a supervisory  level  analogue  of  TVE.  There  is  a 
similar  benefit  with  regards  to  ABS  in  that  some  of  the  effects  of  changes 
in  supervisory  absenteeism  will  appear  at  subordinate  levels.  Cost  center 
reporting  lumps  these  effects  together  with  those  that  appear  at  the 
supervisors'  level,  again  eliminating  any  need  for  measuring  and  costing 
supervisory  and  subordinate  levels  separately. 

Despite  the  above  advantages,  this  reporting  procedure  potentially 
introduces  several  sources  of  error  into  the  value  attribution  for  supervisory 
groups.  First,  it  is  unlikely  that  supervisor  absenteeism  has  the  same  cost 
to  the  organization  as  does  worker  absenteeism.  Second,  the  appropriateness 
of  any  given  TVE-like  measure  for  supervisors  probably  varies  greatly  across 
organizational  levels.  Third,  supervisory  leadership  is  a causal  variable 
in  the  present  theoretical  model.  The  process  of  imputing  cost  center 
scores  to  all  groups  does  not  address  the  problem  of  attributing  an  appropriate 
portion  of  changed  subordinate  group  value  to  changed  supervisory  behavior. 
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Thus  it  is  likely  that  the  error  in  the  value  attributed  specifically  to 
supervisory  groups  is  increased,  although  this  is  not  necessarily  so  for  the 
attribution  at  the  organizational  level.  Finally,  while  there  are 
virtually  no  empirical  studies  bearing  the  relationship  of  organizational 
level  to  TVE  or  ABS  type  measures  (Porter  & Lawler,  1965;  Berger  & Cummings, 
in  press),  it  can  be  plausibly  hypothesized  that  organizational  level  does 
influence  the  nature  of  the  relationship  between  the  SOO  predictors  and 
performance.  To  the  extent  that  this  hypothesis  is  true,  it  suggests  the 
use  of  different  prediction  equations  at  different  organizational  levels. 
However,  it  is  impossible  to  implement  this  procedure  unless  the  criteria 
are  measured  at  the  work  group  level. 

Thus,  while  criterion  measurement  at  the  cost  center  level  resolves 
several  issues  around  measurement  and  costing  of  supervisory  performance, 
it  raises  others.  In  the  present  study  there  was  no  option  about  ha-/  the 
criteria  would  be  measured  and,  practically  speaking,  it  is  a moot  point. 
However,  in  an  actual  implementation  of  a current  value  type  of  Human 
Resources  Accounting,  measurement  of  the  criteria,  especially  at  the 
supervisory  level,  is  an  issue  that  will  require  careful  consideration 
from  a variety  of  perspectives. 


♦ 
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INVESTIGATION  OF  THE  MODEL 

The  purpose  of  this  section  is  to  explore  the  application  of  our 
selected  mathematical  model  to  the  data  set  at  hand.  Inherent  in  any  model 
are  assumptions  about  the  way  different  characteristics  or  variables  inter- 
relate. The  initial  selection  of  the  model  is  independent  of  the  data 
in  that  it  is  derived  primarily  from  a theoretical  construct.  Thus  it 
naturally  follows  to  examine  the  data  set  at  hand  for  confirmation,  or  at 
least  non-contradiction,  of  these  assumed  relationships. 

The  modal  selected  to  represent  the  relationship  between  SOO  measures 
U,  where  represents  the  matrix  of  indices  with  ith  row  (Xi^,  X2i,...,  Xisi) 
and  productivity  measure  (Y^)  is 

(1)  Y = B +B  X+£ 

— — 0 

Actually,  this  is  a model  for  19  relationships  in  that  we  are  investigating 
nine  TVE  and  10  ABS  performance  periods.  However,  from  a theoretical  stand- 
point, it  follo’ws  that  the  type  of  model  which  is  appropriate  for  one  time 
period  ought  to  be  appropriate  for  all  other  periods.  It  is  possible,  though, 
that  the  relationship  between  absenteeism  (ABS)  and  SOO  may  have  a different 
form  than  that  for  total  variable  expense  (TVE)  and  SOO.  The  analyses  reported 
below  each  bear  on  a specific  characteristic  or  assumption  of  the  model. 

The  areas  investigated  are:  assumed  linearity,  distribution  of  the  £ terms, 

variables  to  be  included  as  predictors,  modifier  variables,  and  outlying 
data  points. 
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Linearity 

The  model  given  by  equation  (1)  includes  the  assumption  of  linearity 
both  in  the  parameters  and  in  the  variables  X^.  (One  may  have  linearity 
in  the  parameters,  but  not  in  the  variables.  For  example,  Y = BiX+82X^  is 
linear  in  the  B's,  but  not  in  the  X's.  Some  authors  call  this  linear, 
second  order.  For  the  purposes  of  this  study,  we  will  use  linearity  to  mean 
both  linear  in  the  parameters  B^  and  in  the  variables  X^.)  In  the  univariate 
case,  the  assumption  of  linearity  can  easily  be  viewed  by  the  examination  of 
a scatter  diagram.  In  the  multivariate  case,  other  techniques  must  be  used. 

An  earlier  report  (Pecorella  & Bowers,  1977)  used  the  statistic 
(eta)^  as  a measure  of  linearity,  and  concluded  that  there  was  insufficient 
evidence  to  disprove  linearity.  Due  to  the  theoretical  and  practical 
importance  of  this  assumption,  it  is  further  examined  here. 

While  with  13  predictor  variables,  linearity  is  in  14-dimensional 
space  and  impossible  to  explore  directly  using  graphical  procedures,  it  is 

A. 

possible  to  examine  the  residuals  (the  differences  Y--Y.  where  Y.  is  an 

V «J 

A, 

observed  value  and  Y.  is  the  estimated  value  obtained  by  use  of  the  fitted 
regression  equation).  The  two  classical  techniques  used  here  are  to  plot  the 

✓V 

residuals  against  the  predicted  or  fitted  values,  Y.,  and  also  against  each 

sJ 

of  the  independent  variables.  The  plots  against  the  independent  variables 
focus  on  the  linearity  with  respect  to  each  of  the  SOO  indices,  while  the  plot 
against  the  predicted  values  will  show  any  cumulative  effects  of  non-linearity 

A. 

which  are  either  not  captured  in  a plot  of  Y.-Y.  versus  any  single  X.  or 

J ‘ 

are  due  to  a variable  not  included  in  the  predictors,  e.g.,type  of  work. 

The  plots  of  the  residuals  with  the  predicted  values  will  yield  a 

r\ 

horizontal  band  evenly  distributed  about  the  line  Y-Y  = 0 if  the  model  fits 


the  data.  For  instance,  if  the  relationship  is  not  linear,  but  should  have 
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either  a cross-product  term  or  quadratic  term,  the  plot  would  have  a parabolic 
shape  (Draper  & Smith,  1966).  In  Figure  2,  several  of  the  plots  of  the 
residuals  against  the  predicted  values  are  presented  . (A  complete 
compilation  is  given  in  Appendix  A.)  At  first  glance,  the  appearance  of  the 
negatively  sloped  bands  prominent.  However,  these  bands  are  an  artifact 
of  imputing  cost  center  values  to  each  of  the  work  groups  of  which  it  is 
comprised.  This  can  be  easily  seen  from  the  following  graphs,  using  just 
one  of  the  SOO  indices.  Assume  there  are  three  cost  centers  (A,  B,  & C) 
with  four,  five,  and  three  work  groups  each.  The  overall  relationship 
between  SOO  and  either  criterion  {VIE  or  ABS)  is  negative,  as  indicated 
by  the  regression  line.  Each  work  group  from  a cost  center  will  have 
a different  SOO  score  but  the  same  criterion  score.  This  situation  is 
shown  in  Figure  3. 

Criterion  Cost  Centers: 


SOO  Index 

Figure  3 


As  can  be  seen  in  Figure  3,  in  any  given  cost  center,  the  work  group  with 
the  lowest  SOO  index  score  will  have  a relatively  large  negative  residual, 
while  the  work  group  with  the  highest  SOO  score  will  have  a relatively  large 
positive  residual.  Because  of  the  negative  relationship  between  the  two 
variables,  tne  work  groups  with  tiie  lower  SOO  scores  will  have  higner 
predicted  criterion  values  than  v/ill  the  work  groups  v;ith  the  higher  SOO  scores. 
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Thus,  the  work  groups  within  a cost  center  with  low  SOO  scores  have  high 
predicted  criterion  scores  and  relatively  negative  residuals  while  work 
groups  from  the  same  cost  center  with  high  SOO  scores  have  low  predicted 
criterion  values  and  large  positive  residuals.  When  graphing  the  residuals 
versus  the  predicted  values,  this  produces  negatively  sloped  bands  as 
demonstrated  in  Figure  4. 


Residual 


Predicted 


Figure  4 


With  this  inherent  pattern  in  mind,  the  interpretation  of  the  plots 
in  Figure  2 and  Appendix  A is  that  there  is  no  evidence  of  non-linearity. 

The  second  method  of  using  the  residuals  to  examine  the  linearity 
assumptions  is  to  plot  the  residuals  for  both  TVE  and  ABS  against  each  of 
the  13  SOO  indices  individually.  The  13  plots  for  each  criterion-period 
are  contained  in  Appendix  B.  An  inspection  of  these  247  plots  sho>.-/s  a basic 
pattern  of  a horizontal  band  of  points  which  is  considered  supportive  of 
model  adequacy. 

The  examination  of  these  plots  and  those  of  the  residuals  versus  the 
predicted  values,  plus  the  previously  reported  analysis  using  eta^,  lends 
strong  support  to  our  assumption  of  multivariate  linearity  for  the  data 
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Error  Distribution 

In  investigating  the  normality  of  the  error  term  e in  equation  (1) 
the  standard  technique  is  to  graph  the  frequency  distribution  of  the 
residuals.  Appendix  C contains  these  histograms,  a selected  group  of  which 
are  presented  in  Figure  5.  The  graphs  can  be  seen  to  be  basically  symmetric 
and  bell  shaped,  supporting  the  assumption  of  normality  of  the  error  terms. 
While  the  assumption  of  normality  is  not  necessary  for  fitting  the  model, 
most,  if  not  all,  of  the  classical  techniques  for  testing  hypotheses  related 
to  the  model  are  dependent  on  the  accuracy  of  this  assumption. 

Predictor  Variables 

A third  area  of  investigation  is  the  number  of  predictors  involved. 

In  particular,  it  was  of  interest  to  explore  the  possibility  of  using  only  a 
significantly  smaller  subset  of  the  13  SOO  predictor  variables.  The 
statistical  methodology  selected  to  analyze  this  issue  was  to  apply  a backward 
regression  technique  to  a selected  sample  of  performance  periods  for  both 
criterion  variables.  The  backward  regression  technique,  in  essence,  begins 
with  all  13  predictor  variables  in  the  model,  and  then  begins  to  eliminate 
those  which  have  little  or  no  predictive  value.  This  elimination  process 
continues  until  only  those  variables  with  a predetermined  level  of 
statistically  significant  predictive  ability  remain.  If  a particular  group 
of  predictors  were  continually  omitted  from  the  model  during  this  procedure, 
this  would  be  considered  evidence  to  support  their  omission  from  the  final 
model. 
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HISTOGPAS  FIGURE  5 
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The  backward  regression  technique  was  applied  to  four  selected  TVE 
and  three  selected  ABS  periods.  The  periods  were  selected  so  that  they 
included  different  organizations , (in  particular,  one  period  with  all 
organizations,  one  with  a few,  and  one  with  only  one  organization)  and 
covered  the  entire  time  span. 

For  this  collection  of  seven  analyses  (of  a possible  19),  there  were 
no  subsets  of  even  two  or  three  variables  which  were  omitted  in  all  instances 
while  all  variables  were  omitted  at  least  once.  The  significance  level  used 
for  retaining  a variable  was  liberal  (.1).  The  conclusion  is  that  there 
is  insufficient  evidence  from  the  data  at  hand  to  consistently  remove  any 
set  of  three  or  more  predictor  variables  (SOO)  from  this  model, 

Modifier  Variables 

As  suggested  in  Chapter  2,  it  is  possible  that  certain  non-causal 
variables  may  act  as  modifiers  of  the  relationship  between  the  SOO  indices 
and  the  criteria.  It  may  be  desirable  to  either  compute  separate  FPTI 
equations  for  different  values  of  the  modifier(s),  as  was  done  for  the 
performance  periods,  or  to  include  these  modifiers  in  the  model  itself. 

An  example  of  a modifier  that  might  be  treated  in  the  second  manner  is 
suggested  by  a previous  analysis.  Pecorella  and  Bowers  (1977,  pp.  27-31) 
found  that  the  proportion  of  significant  SOO  index  to  criterion  correlations 
decreased  as  capital  intensity  (CAPI’ITEN)  increased.  CAPINTEN  is  defined 
as  the  ratio  of  total  dollar  value  of  assets  to  total  number  of  employees. 

In  order  to  illustrate  the  inclusion  of  a modifier  variable  in  the  modal, 
an  analysis  of  CAPINTEM  is  presented  here. 
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Before  presenting  the  results  of  the  analysis,  some  characteristics 
of  CAPINTEN  should  be  noted.  The  values  on  this  variable  were  computed 
from  Fortune  500  figures  for  1971,  the  end  of  the  period  of  SOO  and  per- 
formance data  collection.  As  such,  CAPINTEN  is  computed  for  the  entire 
corporations  to  which  the  particular  organizations  in  this  study  belonged. 
Thus,  while  CAPINTEN  undoubtedly  has  a strong  relationship  to  the  capital 
intensity  of  the  organizations  in  this  study,  it  is  actually  a feature  of 
the  corporation  as  a whole.  Another  feature  of  the  CAPINTEN  variable  is 
its  limited  variance.  The  four  sites  from  Organization  II  all  receive  the 
same  corporate  score  on  CAPINTEN  as  do  the  three  sites  from  Organization  VI. 
Thus,  for  each  criterion  there  is  a maximum  of  four  levels  of  CAPINTEN,  and 
often  fewer,  that  enter  into  the  analysis.  In  fact,  in  TVE  periods  B,  G, 
and  H,  and  ABS  period  A there  is  only  one  level  of  the  CAPINTEN  variable 
present  and  therefore  it  cannot  be  included  in  equations  for  these  periods. 

Since  it  is  our  purpose  to  examine  the  predictive  ability  of  a model 
including  CAPINTEN  and  13,500  indices  against  a model  containing  only  the 
13  SOO  indices,  the  terminology  of  Bottenberg  and  Ward  (1963)  and  Draper 
and  Smith  (1966)  will  be  used  herein.  Briefly,  these  authors  define  a 
restricted  model  as  the  model  with  the  variables  v/hich  have  already  been 
included  in  the  prediction  equation.  The  full  model  consists  of  the 
restricted  model  plus  a set  of  one  or  more  variables  to  be  tested  for 
inclusion  in  the  equation.  This  test  uses  the  sum  of  squared  deviations  from 
the  mean  (SS)  associated  with  each  model  in  a "partial"  or  "sequential" 

F-test  (Draper  & Smith,  1966,  p.  71)  to  determine  the  significance  of  the 
increased  prediction  provided  by  the  variables  in  the  full  model  but  not  in 
the  restricted  model.  The  models  will  be  referred  to  here  by  a subscripted  R: 
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Ri3  means  the  model  with  13  SOO  indices  (restricted  model)  or  the  multiple 
R for  that  model,  depending  on  the  context;  means  the  model  with  CAPINTEN 
plus  the  13  SOO  indices  (full  model)  or  its  multiple  R,  again  depending 
on  the  context.  Finally  R^-Ris  means  comparisons  of  the  full  model  with  the 
restricted  model  or  the  change  in  the  value  of  R from  one  model  to  the  other. 

The  value  of  p reported  for  Rj,-Ri3  is  determined  by  the  sequential  F-test 
described  above. 

Table  4 shows  the  effect  of  including  CAPINTEN  in  the  model  for  TVE. 

There  are  seven  periods  v/here  its  effect  could  be  examined.  R^-Ris  was 

significant  (p<.05)  in  only  two  of  the  seven  periods  (E  & F).  Examinations 

of  the  organizations  represented  in  each  period  (Table  Z)  shows  that  periods 

E and  F had  three  and  tv/o  levels  of  CAPINTEN,  respecti vely , while  periods 

A,  C,  D,  and  I had  two,  three,  four,  and  two  levels,  respectively.  Therefore, 

it  does  not  appear  that  the  failure  of  CAPINTEN  in  periods  A,  C,  D,  and  I i 

is  due  to  limited  variance.  Rather,  in  general,  it  seems  that  CAPINTEN  does  i 

not  aid  in  predicting  TVE,  although  close  examination  of  periods  E and  F 1 

might  reveal  particular  circumstances  where  we  could  expect  CAPINTEN  to  | 

have  some  predictive  value.  ^ 

Table  5 shows  the  results  of  the  analysis  for  absenteeism  (ASS)  plus  | 

i 

some  other  results  discussed  below.  Of  the  nine  periods  where  R^  could  be 
compared  to  Ris,  seven  show  a significant  (p<.01)  value  for  R^-Ris- 
Furthermore,  where  R^-Ri3  is  significant,  its  size  is  moderate  to  large 
(.07  £ [R(,"Ri3]  “ .16).  Thus,  the  addition  of  the 

modifier  CAPINTEN  to  the  model  significantly  improves  our  ability  to  predict 
ABS.  This  is  despite  the  fact  the  CAPINTEN  is  measured  at  the  corporate  level 
and  has  limited  variance. 


EFFECT  OF  CAPINTEN  ON  PREDICTION  OF  TVE 
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EFFECT  OF  CAPINTEN  AND  SIZE  ON  PREDICTION  OF  ABS 
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NOTE^  p<.01  for  all  values  of  R and  r shown  in  this  table. 

NOTE^  NS  = not  significant  at  the  .05  level. 

NOTE^  CAPINTEN  has  only  one  level  for  all  cases  in  this  period,  therefore,  it  does  not  enter  into 

the  equation. 

NOTE"'  r =1.00  for  this  period.  Therefore,  SIZE  and  CAPINTEN  cannot  both  be  in  the  model. 
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The  definition  of  CAPIMTEN  as  a ratio  with  total  number  of  people  in 
the  corporations  as  the  denominator  suggests  that  it  may  not  be  CAPIIITEN 
but  rather  corporate  or  organizational  size  or  total  assets  that  is  increasing 
our  ability  to  predict  absenteeism.  A positive  relationship  between 
organization  size  and  absenteeism  has  been  reported  consistently  in  the 
literature  (Porter  & Lawler,  1965;  Berger  & Cummings,  in  press).  Therefore 
an  analysis  examining  the  ability  of  a model  including  a SIZE  variable  to 
predict  ABS  was  conducted.  An  estimate  of  the  size  of  each  organization 
and  each  site  within  each  organization  was  available  from  the  number  of 
individuals  responding  to  the  SOO  at  each  site.  Therefore,  another  variable, 
SIZE,  was  so  defined  and  entered  into  a model  with  the  13  SOO  indices  to 
predict  ABS.  This  variable  has  more  levels  (10)  than  CAPIMTEN  and  reflects 
a structural  feature  of  the  specific  organizations  and  sites  rather  than 
of  the  entire  corporations. 

The  investigation  of  models  for  ABS  including  SIZE  is  two-fold.  First, 
is  compared  to  R13  to  determine  if  SIZE  does  increase  our  ability  to 
predict  ABS.  Second,  a model  including  SIZE  and  CAPIMTEN  (R^.^)  is  compared 
to  the  models  including  either  SIZE  or  CAPIMTEN.  This  allows  us  to 
investigate  the  increase  in  predictions  of  a model  containing  both  variables 
over  a model  containing  either  one  of  the  variables  but  not  the  other. 

The  Pearson  product  moment  correlation  betv/een  SIZE  and  CAPIMTEN  over 
all  sites  is  .85  (p<.01).  This  correlation  (i^^-g)  will  not  be  constant  over 
periods  since  different  organizations  and  sites  within  organizations  enter 
the  analysis  in  different  periods.  Therefore,  the  values  of  r^^  for  each 

ABS  period  are  listed  in  Table  5. 


The  comparison  of  to  R13  shows  that  in  eight  of  the  nine  periods 

where  the  analysis  is  possible,  R^-Ris  is  significant.  As  with  R^-Ri3,  the 

significant  values  are  generally  moderate  to  large  (.06  £ R^-Ris  _<  .26; 

mean  [R^-Ria]  = .15).  The  values  of  R^-Ris  and  Rj.-Ri3  are  generally 

similar.  This  overall  pattern  of  similar  magnitudes  for  Rj.-Ri3  and 

R -Ri3  and  the  high  values  of  r indicate  that  SIZE  and  CAPINTEN  are 
^ cs 

accounting  for  approximately  the  same  additional  variance  in  ABS  over 

and  above  the  variance  accounted  for  by  the  SOO  for  which  variables.  The 

notable  exception  to  this  pattern  is  period  D where  r^^  is  of  moderate  size 

(-.42)  and  R is  not  larger  than  Ri 3 but  R is  considerably  larger  than  R13. 

This  is  probably  an  artifact  of  the  manner  in  which  SIZE  and  CAPIMTEN  were 

defined.  Examination  of  ABS  period  D in  Table  2 shows  that  CAPINTEN  will 

have  only  two  levels  while  SIZE  will  have  five  levels  (one  for  Organization 

I and  four  for  Organization  II).  Thus,  CAPINTEN  does  not  add  to  the  model's 

ability  to  predict  but  SIZE  does.  Because  of  this  unique  situation,  period 

D will  not  be  considered  in  the  following  discussion. 

Additionally  periods  I and  J are  not  included  in  the  comparison  of  R^^ 

to  R^  and  R^  because  r^^  for  thebe  periods  equal  1.00.  Thus,  entry  of 

SIZE  into  the  model  for  periods  I and  J is  completely  redundant  with  entry 

of  CAPINTEN  and  vice-versa.  This  leaves  us  with  periods  B,  C,  E,  F,  G,  and 

H in  which  to  compare  R^^  to  R^  and  R^. 

Comparison  of  R^^  to  the  larger  of  the  two  values  of  R^  and  R^  (thus 

looking  at  the  smaller  of  the  two  values  of  R „-R„  and  R„^-R^)  shows  that 
^ cs  c cs  s 

inclusion  of  both  predictors  generally  adds  little  to  the  prediction  of  ABS 
over  the  inclusion  of  v/hichever  predictor  (SIZE  or  CAPINTEN)  is  most  effective 
alone.  The  statistical  significance  of  these  values  (R^-g-Rg  & ^cs"^c^ 
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high  (p<.01)  despite  the  small  magnitude  of  Rj-g'Rj  and  because  of 

the  large  N involved.  Periods  F and  H do  show  a moderate  increase  in 
over  and  R^.  This  is  unexpected  since  r^^  is  extremely  high  (.97) 
in  both  these  periods.  Apparently  the  variances  that  are  unique  to  SIZE 
and  CAPINTEN  are  both  common  to  ABS  in  these  periods.  However,  there  is 
no  increase  in  R^^  over  or  R^  for  period  G,  which  includes  the  same 
organizations  as  periods  F and  H. 

In  summary,  the  three  models,  R^^,  R^,  and  R^  are  strikingly  similar 
in  their  ability  to  predict  ABS.  Ha-iever,  whether  CAPIHTEN  or  SIZE  adds 
more  to  the  SOO  model  is  a function  of  the  particular  period  and  the 
organizations  in  the  period.  Exceptions  to  this  include  period  D which  has 
a unique  combination  of  CAPINTEN  and  SIZE  values,  and  periods  F and  H 

where  R does  offer  some  moderate  imorovement  over  both  R and  R . 

Ci  c s 

The  above  analyses  demonstrate  two  variables,  closely  related,  v;hich 
improve  the  ability  of  a model  containing  the  13  SOO  indices  to  predict  ABS. 
A variety  of  hypotheses  as  to  how  this  improvement  occurs  could  be  generated 
but  any  causal  link  between  either  CAPINTEN  or  SIZE  and  ABS  v/ould  be  mere 
conjecture  at  this  point.  Therefore,  even  if  e.g.,  SIZE,  were  included  in 
the  model,  change  in  value  of  the  organization's  human  resources  would  not 
be  attributed  to  a change  in  SIZE.  Rather,  the  effects  of  change  in  SIZE 
would  have  to  be  partialled  out  so  that  value  would  be  attributed  only  to 
changes  in  the  SOO  indices  (or  other  causal  variables).  This  is  a rather 
complex  procedure  and  would  go  considerably  beyond  the  already  intricate 
analyses  that  have  been  conducted  and  well  beyond  the  intended  scope  of  this 
study. 
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The  analysis  presented  here  is  offered  only  as  an  example  of  some 
possible  modifying  variables.  In  an  actual  application  the  modifier(s) 
considered  and  selected  would  be  a function  of  both  empirical  and  theoretical 
considerations. 

Outliers 

When  one  encounters  a few  data  points  which  are  deviant  from  the  bulk 
of  the  sample  or  from  expectations  one  is  always  faced  with  the  decision  of 
whether  or  not  to  retain  the  data  or  eliminate  it.  A variety  of  strategies 
for  making  this  decision  are  available.  The  one  selected  depends  on  the 
source  of  the  data,  the  purposes  for  which  it  will  be  used  and  the  bent  of  the 
researchers. 

Given  that  one  is  willing  to  consider  eliminating  deviant  data,  perhaps 
the  most  corrmon  approach  is  to  identify  questionable  data  and  determine  if 
an  explanation  can  be  found  for  its  deviance.  This  approach  has  already 
been  used  in  the  present  study  in  the  examination  of  the  SOO  data  and  the 
various  criterion  measures  from  different  organizations  to  determine  if 
the  data  set  was  suitable  for  the  application  of  the  current  value  methodology. 
A prime  example  of  this  is  the  elimination  of  the  TVE  measures  from  Plant  2 
in  Organization  VI  for  periods  A through  E due  to  organizational  practices 
which  resulted  in  increases  in  TVE  for  high  producing  cost  centers  and 
decreases  in  TVE  for  low  producing  cost  centers.  [This  issue  of  organizational 
practices  v/hich  reverse  the  expected  relationship  of  SOO  to  organizational 
functioning  is  covered  more  thoroughly  in  Taylor  & Bowers,  (1972)].  Thus, 
the  source  of  the  data  and  the  effects  of  "intrusive  factors"  have  already 
been  considered  in  establishing  the  data  file. 
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In  examining  the  plots  of  the  residuals,  the  existence  of  extreme  values 
or  outliers  became  apparent.  When  investigating  the  nature  of  outliers 
(defined  as  values  in  excess  of  3.5),  no  systemic  reasons  could  be  found. 

(An  example  of  systemic  reasons  would  be  the  same  cost  center  over  time.) 

Thus,  these  deviant  values  are  presumably  a result  of  misreporting,  trans- 
cription error,  or  statistical  quirk.  However,  upon  examination  of  the  actual 
criterion  standard  scores,  it  was  found  that  they  ranged  from  4.8  to  10 
(in  absolute  value),  implying  inaccuracy  rather  than  probabilistic  deviance. 
Table  6 presents  the  information  concerning  these  outliers  as  well  as  the 
Multiple  R values  when  including  and  excluding  these  cases.  Results 
reported  in  Tables  2 through  5 are  for  analyses  conducted  prior  to 
elimination  of  the  data  shown  in  Table  6.  The  plots  shov>m  in  Figure  2 and 
Appendices  A through  C are  the  results  of  analyses  conducted  after  the 
elimination  of  these  data.  As  statistical  theory  predicts,  these  outliers 
have  unusual  leverage  in  fitting  the  regression  model  to  the  data,  and 
therefore,  distort  the  results.  It  is  for  this  reason  that  these  cases 
were  removed  from  the  analysis. 

Deletion  of  some  cases  from  each  organization's  file  will  alter  the 
mean  and  standard  deviation  of  the  performance  score  distribution  for  that 
organization.  The  particular  transfonnation  used  and  therefore  the  standard 
scores  arrived  at  are  a function  of  these  statistics.  Since  different 
transformations  are  used  for  and  different  data  is  deleted  from  each  organiza- 
tion, the  effect  of  deleting  data  on  the  standard  scores  will  vary  across 
organizations.  Obviously,  v/hen  standard  scores  from  one  organization  shift 
in  one  manner  and  those  from  another  organization  shift  differently,  the 
relationship  between  these  scores  and  the  SOO  scores  will  change.  Necessarily, 
this  will  only  happen  if  the  performance  score  distributions  are  restandar- 
dized after  the  data  are  deleted.  To  avoid  this  unpredictable  change  in 
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the  predictor-criterion  relationship,  performance  score  distributions  have 
not  been  restandardized  after  deletion  of  the  data.  Because  of  this, 
the  actual  mean  and  standard  deviations  of  the  performance  score  distributions 
with  the  data  deleted  are  not  exactly  zero  and  one  respectively  for  some 
organizations  and  some  periods.  Since  so  few  cases  v/ere  deleted,  however, 
the  parameters  will  be  quite  close  to  these  values.  The  changes  in  R 
shown  in  Table  6 are  thus  solely  the  result  of  the  deletion  of  outliers 
and  not  the  result  of  deletion  plus  restandardization. 


CHARACTERISTICS  OF  DELETED  DATA 


CONCLUSIONS 


The  analyses  and  discussions  presented  thus  far  can  be  divided  into  two 
somewhat  overlapping  categories.  First,  a variety  of  statistical  considerations 
necessary  for  the  development  of  FPTI's  from  identified  relationships 
between  the  SOO  and  performance  criteria  have  been  addressed.  Second,  a 
variety  of  theoretical  issues  involved  in  the  current  value  approach  have 
been  investigated.  The  statistical  methodology  associated  with  the  current 
value  approach  was  extended  from  a univariate  to  a multivariate  situation. 

The  issues  around  change  scores,  especially  their  reliability,  were  also 
addressed.  Section  3 dealt  primarily  with  the  rationale  for  and  effect 
of  various  operations  that  have  been  performed  on  the  data  set.  Most 
of  these  operations  v/ere  not  an  implicit  part  of  the  current  value  method, 
but  rather  the  result  of  an  interaction  betv/een  requirements  of  the  method 
and  the  nature  of  our  data  set.  Finally,  in  Section  4,  v/e  examined  how 
well  the  assumptions  implicit  in  our  linear  model  are  met  by  the  data  set. 

Here  it  was  concluded  that  a linear  model  adequately  describes  the  SOO 
performance  relationships  for  both  TVE  and  ABS.  It  was  also  concluded  that 
the  number  of  SOO  dimensions  included  could  not  be  greatly  decreased  without 
affecting  the  ability  to  predict  the  criteria.  Finally,  the  examination  of 
the  data  set  revealed  the  existence  of  a few  data  points  with  extremely 
large  standardized  criterion  values,  and  these  points  were  consequently 
removed  from  their  respective  periods. 
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Simply  stated,  the  result  of  these  analyses,  plus  those  previously 
reported  (Pecorella  & Bowers,  1976a,  1976b,  1977)  is  that  we  are  now  able 

i 

to  define  the  FPTI  equations  which  will  be  used  in  the  value  attribution 
phase  of  this  study.  Table  7 presents  values  of  N,  R,  and  p for  the 
regression  of  criterion  variables  (standardized  within  organizations  and 
across  periods)  on  the  13  SOO  predictors  (unstandardized)  with  the  data 
listed  in  Table  6 deleted  from  the  analysis.  Thus,  these  are  the  summary 
characteristics  of  the  FPTI  equations  for  the  data  from  which  they  were 
developed.  Tables  8 and  9 list  the  values  for  the  parameters  of  the  FPTI 
equations,  (B^,  Bj,  Ba,...Bi3)  for  TVE  and  ABS  respectively.  These 
equations  will  be  used  to  predict  changes  in  future  performance  from  changes 
in  measures  of  the  human  organization.  Table  10  presents  the  number  of  work 
groups  from  each  organization  for  which  SOO  scores  at  T^  and  T^"  are 
available.  Thus,  the  FPTI  equations  represented  in  Tables  8 and  9 will  be 
applied  to  the  SOO  change  scores  for  these  work  groups.^  The  predicted  changes 
in  performance  Lhus  computed  will  then  be  converted  to  dollar  values  and 
discounted  to  present  value. 

The  theoretical  issues  discussed  ranged  from  those  involved  in  the 
development  of  the  FPTI's  in  this  study  to  those  which,  while  not  of  direct 
concern  in  this  study,  are  of  importance  in  any  implementation  of  a current 
value  human  resources  accounting  system.  Taken  as  a whole,  the  analyses 


^The  ABS  and  TVE  FPTI's  were  developed  using  data  from  data  from  different 
organizations  and  in  some  cases  from  different  sites  of  the  same 
organizations.  Since  the  TVE  and  ABS  FPTI's  will  each  be  applied  only 
to  the  subgroup  of  organizations  and  sites  on  which  they  were  developed, 
some  organizations  have  different  numbers  of  groups  with  T^  and  T^'  SOO 

scores  for  the  ABS  and  TVE  FPTI  value  attribution,  as  shown  in  Table  10. 
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Table  10 

WORK  GROUPS  WITH  T^  AND  T^'  SOO  SCORES 


Organization 


TVE 

ABS 

I 

— 

27 

II 

233 

233 

III 

176 

176 

IV 

115 

-- 

VI 

246 

197 

Total 

770 

633 

1 


{ 
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presented  herein  allov;  us  to  move  forv/ard  to  the  value  attribution  phase 
in  the  present  study  and  to  remain  aware  of  issues  of  potential  concern 
in  an  actual  FPTI  implementation. 
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APPENDIX  A 
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APPENDIX  B 

SCATTER  DIAGRAMS  OF  RESIDUAL  VALUES 
FOR  TVE  PERIODS  A-I  AND 
ABS  PERIODS  A-J  VS.  SOO  INDEX  SCORES 


This  appendix  contains  the  regression  residuals  (Y-Y)  from  each  of 
the  TVE  and  ABS  performance  periods  plotted  against  the  scores  on 
each  SOO  index.  Thus  there  are  13  plots  (one  for  each  SOO  index) 
for  each  of  19  performance  periods. 

The  codes  belo'.v  identify  the  performance  period  and  SOO  index  plotted 
on  each  graph  and  are  located  at  the  extremes  of  the  horizontal 
(SOO  code)  and  vertical  (period  code)  axis  of  the  graphs. 

The  graphs  are  arranged  by  SOO  index  within  each  performance  period. 
Thus  the  graphs  of  the  TVE  period  A residuals  vs.  each  of  the  13 
SOO  indices  appear  together  and  precede  the  graphs  for  the  TVE  period 
B residuals,  etc.  The  order  of  periods  and  indices  within  periods 
is  as  given  in  the  codes. 
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.23877 

8.  3 

42 

♦ XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXX X 

.48877 

4.2 

21 

♦XX XX XX XX XXXXXXXXXXXXX 

-73877 

3.2 

16 

♦XXXXXXXXXXXXXXXX 

.98877 

2.4 

12 

♦XXXXXXXXXXXX 

1.2388 

4.2 

21 

♦XXX XXXXXXXXXXXXXXXX XX 

1.4383 

2.3 

14 

♦xxxxxxxxxxxxxx  ‘ 

1. 7388 

2.6 

13 

♦XXXXXXXXXXXXX 

1.9883 

1.4 

7 

♦xxxxxxx 

2.2388 

2.4 

12 

♦XXXXXXXXXXXX 

2.4888 

2.0 

10 

♦xxxxxxxxxx 

2.7388 

.4 

2 

♦ XX 

2.9883 

.2 

1 

♦ X 

MISSING 

TOTAL 

1814 

2319 

(INTERVAL  WIOTH=  .25000) 

:xxxxxx 

ixxxxxxxxxxxxxxxxxxxxxxxxxx 

:xxxxxxxxxxxxxxxxxxxx 

ixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

[xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

[XXXXXXX 


HISTUGKAM 


TVE  PERIOD  E 


C-6 


MIDPOINT 

HIST* 

COUNT 

FOk  945.V945  ( EACH  X=  U 

-2.0255 

.7 

3 

+ XXX 

-1.7755 

.5 

2 

4-XX 

-1.5255 

.2 

1 

♦■X 

-1.2755 

1.6 

7 

+XXXXXXX 

-1,0255 

7,0 

31 

+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

-. 77547 

12.4 

55 

+-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX  ■ 

-.5254T 

1 7.  6 

78 

♦•XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX. 

-.27547 

15.8 

70 

^XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

-.25467  -1 

13.6 

60 

4-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJI 

,22453 

7.0 

31 

+-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.47453 

2.5 

11 

+XXXXXXXXXXX 

.72453 

2.7 

12 

+XXXXXXXXXXXX 

.97453 

1.8 

8 

♦•xxxxxxxx 

1.2245 

3.6 

16 

+XXXXXXXXXXXXXXXX 

1.4745 

4.5 

20 

+X XXX XX XX XX XX xxxxxxxx 

1.7245 

2.7 

12 

+XXXXXXXXXXXX 

1.9745 

.9 

4 

<-XXXX 

2.2245 

1.8 

3 

••■XXXXXXXX  i 

2,4745 

1.8 

8 

■^XXXXXXXX 

2.7245 

.9 

4 

•-XXXX  ■ 

2.9745 

.2 

1 

•■X  i 

MISSING 

1877 

i 

TOTAL 

2319 

( INTERVAL  WIDTH=  .25000)  1 

KXXXXXXXXXXXXX 

KXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

xxxxxxxxxxxxxxxxxxx 


HISTOGKAM 


TVE  PERIOD  F 


C-7 


MIDPOINT 


HI5>r;  COUNT  FUK  9A6.V9A6  (EACH  X=  1) 


t 

f 


-1. 7586 

.5 

1 

<-X 

-1.5086 

1.0 

2 

■•■XX 

-1.2586 

4.0 

8 

♦XXXXXXXX 

-1.0086 

5.6 

11 

••XXXXXXXXXXX 

-.75356 

10.1 

20 

♦■XXXXXXXXXXXXXXXXXXXX 

-.50856 

9.6 

19 

+XXXXXXXXXXXXXXXXXXX 

-.25356 

12.  1 

24 

+XXXXXXXXXXXXXXXXXXXXXXXX 

-.85557  -2 

16.  7 

33 

4-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.Z-tlAA 

14.  6 

29 

■►XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.A91AA 

11.6 

23 

■^XXXXXXXXXXXXXXXXXXXXXXX 

.7414-^ 

6.  1 

12 

♦XXXXXXXXXXXX 

.99144 

1.5 

3 

♦ XXX 

1.2414 

1.5 

3 

♦ XXX 

1.4914 

.5 

1 

♦ X 

1.7414 

1.  0 

2 

♦ XX 

1.9914 

1.0 

2 

♦ XX 

2.2414 

.5 

1 

♦ X 

2.4914 

. 5 

1 

♦ X 

2.7414 

0. 

0 

♦ 

2.9914 

0. 

0 

♦ 

3.2414 

1.  J 

2 

♦ XX 

3.4914 

.5 

1 

♦X 

MISSING 

TOTAL 


2121 

2319 


(INTERVAL  WIDTH=  .250001 


HISruGRAM 


TVE  PERIOD  G 


C-8 


MIDPOINT 

HIST? 

COUN 

T FOR  947.V947  (EACH  X=  IJ 

-.61570 

2.0 

1 

*■% 

-.36570 

13.  1 

7 

♦XXXXXXX 

-.11570 

41.2 

21 

♦XXXXXXXXXXXXXXXXXXXXX 

.13430 

29.4 

15 

■fXXXXXXXXXXXXXXX 

.38430 

7.  8 

4 

♦■XXXX 

.63430 

3.9 

2 

+XX 

.88430 

2.0 

I 

4-X 

MISSING 

TOTAL 

2263 

2319 

(INTERVAL  WIDTH=  .25000) 

I 

t 

f 

♦ 

I 


HISTOGRAM 


TVE  PERIOD  H 


C-9 


MIDPOINT 


HISU  COUNT  FOR  948.V948  (EACH  X=  l» 


-1.0402 

4.4 

2 

4-XX 

-.79020 

0. 

0 

-.54020 

8.9 

4 

♦ xxxx 

-.29020 

15.6 

7 

4-XXXXXXX 

-.40200  -1 

28.9 

13 

+XXXXXXXXXXXXX 

.20980 

31.  1 

14 

4-XXXXXXXXXXXXXX 

.45980 

4.4 

2 

♦■XX 

.70980 

2.2 

1 

♦ X 

.95980 

2.  2 

1 

♦x 

1.2098 

2.2 

1 

♦ X 

MISSING 

TOTAL 

2274 

2319 

(INTERVAL  WIDTH=  .25000) 

I 

I 

I 

I 

t 

t 


* 

♦ 


HISTOGRAM 


TVE  PERIOD  I 


MIDPOINT  HIST«  COUNT  FOR  9^9.V9^9  (EACH  X=  1) 


■1.5805 
1.3305 
•1.0805 
.83051 
.58051 
-.33051 
-.80511  -1 
.16949 
.41949 
. 66949 
.91949 
1.1695 
1.4195 
1.6695 


MISSING 

TOTAL 


.2 
. 7 

5.9 
10.3 
8.  3 
13.0 
21.5 
16.9 

5.9 
3.2 
1.0 

3.9 
6.6 
2.  7 


+X 

FXXX 

•►XXXXXXXXXXXXXXXXXXXXXXXX 

♦-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

♦xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

i-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

4-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJ 

+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX] 

♦XXXXXXXXXXXXXXXXXXXXXXXX 

•►xxxxxxxxxxxxx 

4-XXXX 

•fXXXXXXXXXXXXXXXX 

■►XXXXXXXXXXXXXXXXXXXXXXXXXXX 

♦XXXXXXXXXXX  ' 


1910 

2319 


(INTERVAL  WIDTH=  .250001 


C-10 


xxxxxxxxxxxxxxxx 

xxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


HISTOGRAM 


ABS  PERIOD  A 


C-11 


M lOPO  INI 

HI  ST« 

COUN 

-2.1432 

1.2 

3 

-1.8932 

. 8 

2 

-1.6432 

4.3 

11 

-1.3932 

2.4 

6 

-1.1432 

5.  9 

15 

-.89323 

5.9 

15 

-.64323 

8.3 

21 

-.39323 

8.  7 

22 

-.14323 

13.0 

33 

.10677 

13.3 

35 

.35677 

9.  1 

23 

.60677 

8.3 

21 

.85677 

5.9 

15 

1.1068 

.4 

1 

1.3568 

3.  1 

8 

1.6068 

3.1 

8 

1.3568 

2.  0 

5 

2.1068 

2.4 

6 

2.3568 

.8 

2 

2.6068 

. 8 

2 

MISSING 

2065 

TOTAL 

2 319 

COUNT  FUR  980.V980  (EACH  X=  1) 


♦■XXX 
♦ XX 

♦-XXXXXXXXXXX 

tXXXXXX 

■fXXXXXXXXXXXXXXX 

+XXXXXXXXXXXXXXX 

♦-XXXXXXXXXXXXXXXXXXXXX 

♦-XXXXXXXXXXXXXXXXXXXXXX 

+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

♦XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

■♦•XXXXXXXXXXXXXXXXXXXXXXX 

♦-XXXXXXXXXXXXXXXXXXXXX 

+XXXXXXXXXXXXXXX  ' 

•►X 

♦xxxxxxxx 

♦xxxxxxxx 

■►xxxxx 

♦•xxxxxx 

♦•XX 

♦•XX 


(INTERVAL  WI0TH=  .25000) 


I 

i 

t 

t 

♦ 


HISTOGRAM 


ABS  PERIOD  B 


C-12 


MIOPlHNT 

HIST* 

COUN 

T FOR  981.V981  I EACH  X=  1) 

-1.7184 

.5 

2 

4-XX 

-1.4684 

.3 

1 

♦•X 

-1.2184 

.3 

1 

+ X 

-.96843 

4.4 

17 

♦•XXXXXXXXXXXXXXXXX 

-.71343 

6.2 

24 

♦XXXXXXXXXXXXXXXXXXXXXXXX 

-.46843 

13.9 

54 

♦XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

-.21843 

23.9 

93 

♦•XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX* 

.31570  -1 

19.8 

77 

♦XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXH 

.28157 

14.  1 

55 

fXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.53157 

6.  7 

26 

♦xxxxxxxxxxxxxxxxxxxxxxxxxx 

. 78157 

3.6 

14 

♦xxxxxxxxxxxxxx 

1.0316 

1.5 

6 

4-XXXXXX 

1.2B16 

2.3 

9 

♦XXXXXXXXX 

1.5316 

.3 

1 

♦•X 

1. 7816 

. 8 

3 

f XXX 

2.0316 

.5 

2 

♦ XX 

2.2816 

0. 

0 

■f 

2.5316 

0. 

0 

f 

2.7816 

.3 

1 

♦ X 

3.0316 

. 5 

2 

♦ XX 

3.2816 

. 3 

1 

♦ X j 

MISSING 

1930 

TOTAL 

2319 

(INTERVAL  WIDTH=  .25000) 

C-12 


:xxxxxxxxxxxxxxxxxxxxxxxxxx 

cxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

[XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

txxxxxxxxxxxxxxxxxxxxxxxxxxx 


Ik 


Uk 


HISTOGRAM 


ABS  PERIOD  C 


MIOPOINT  HISTT  COUNT  FOR  982.V982  (EACH  X=  1» 


-1.9098 

. 7 

3 

♦XXX 

-1.6593 

2.5 

11 

♦XXXXXXXXXXX 

-1.-V098 

3.  7 

16 

♦XXXXXXXXXXXXXXXX 

-1.1598 

1.2 

5 

♦xxxxx 

-.90983 

1.6 

7 

+XXXXXXX 

-.65983 

r.4 

32 

♦XXXXXXXXXXXX XXX XXXX XX XXXXXXXXXXX 

-.40983 

1 7.  3 

75 

♦XXX XXX XXXXXXXXXXXX XXXXXXXXXXXXXXXX XXX XXX XXXX XXXXXXXXXXX 

-.15983 

18.4 

80 

♦ XXXX XXXX  XX XXXX xxxxx xxxxx XXXX XXXX XX XXXXX xxxxx XXXXXXXXXXX 

.90166  -1 

13.  6 

59 

♦XXX xxxxx XX xxxxx XXX XXXX xxxxx XXXX XXXXXXXXXXXX XXXXXXXXXXXX 

.34017 

11.5 

50 

♦XXXXXXXXXXXXXXXX XX XXXX XX XXXXXXXXXXX xxxxx xxxxx XX XXX 

.59017 

6.  0 

26 

♦XXXX XX XX XX xxxxx xxxxx XXX XXX 

.84017 

6.2 

27 

♦XXXXXXXXXXXXXXXXXXXXXXXXXXX 

1.0902 

3.9 

17 

♦XXXXXX XXXXXXXXXXX 

1.3402 

3.  0 

13 

♦xxxxxxxxxxxxx 

1.5902 

1.2 

5 

♦xxxxx 

1.8402 

.5 

2 

♦ XX 

2.0902 

.5 

2 

♦ XX 

2.3402 

0. 

0 

♦ 

2.5902 

0. 

0 

♦ 

2.8402 

. 9 

4 

♦ XXXX 

MISSING 

TOTAL 

1885 

2319 

(INTERVAL  WIDTH-  .25000) 

> 

» 


» 

f 

« 

f 


-I 


1 

i 

I 

( 

1 


1 


1 

I 

1 


4 


•13 


/ 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxx 


HISTOGRAM 

— 

ABS  PERIOD  D 

MIDPOINT 

HI  ST« 

CUUN 

T FUR  983.V983  ( FACH  X=  1) 

-.'J7916 

2.5 

3 

♦ XXX 

-.72916 

5.0 

6 

♦XXXXXX 

-.A7916 

19.  0 

23 

♦XXXXXXXXXXXXXXXXXXXXXXX 

-.22916 

29.3 

36 

+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.20843  -1 

8.3 

10 

♦XXXXXXXXXX 

.27084 

9.9 

12 

♦XXXXXXXXXXXX 

.52084 

9.1 

11 

♦xxxxxxxxxxx 

.77084 

9.1 

11 

♦xxxxxxxxxxx 

1.0208 

6.6 

8 

♦xxxxxxxx 

1.2708 

.3 

1 

+x 

MISSING 

2198 

TOTAL 

2319 

(INTERVAL  WIDTH=  .25000) 

HISTOGRAM 


ABS  PERIOD  E 


C-15 


midpoint  H1ST«  count  f-Uk  934.V98A  ( FACH  X=  1) 

-2.0384  i.2  5 +XXXXX 

-I.T884  1.6  7 +XXXXXXX 

-1.5384  7.6  33  +XXXX XXXX XX XXXXX XXXXX XX XXXXX XXXXX X 

-1.2884  5.1  22  ♦•XXXXXXXXXXXXXXXXXXXXXX 

-1.0384  7.6  33  i-XXXXXXXXXX  XXXXXXXXXXXXXXXXXXXXXX  X 

-.78839  7.6  33  +XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

-.53839  5.8  25  >XXXXXXXXXXXXXXXXXXXXXXXXX 

-.28339  4.4  19  <-XXXXXXXXXXXXXXXXXXX 

-.33389  -1  6.7  29  +XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.21161  10.1  44  +XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.46161  11.3  49  4-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.71161  11.5  50  +XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.96161  8.8  38  +XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

1.2116  3.7  16  +XXXXXXXXXXXXXXXX 

1.4616  3.5  15  +XXXXXXXXXXXXXXX 

1.7116  1.2  5 +XXXXX 

1.9616  .7  3 +XXX 

2.2116  .5  2 +XX 

2.4616  .2  1 +X 

2.7116  .9  4 +XXXX 

2.9616  .2  1 +X 


MISSING  1885 

TOTAL  2319  (INTERVAL  WIOTH=  .25000) 


•I 


HISTUGKAM 


ABS  PERIOD  F 


midpoint 

HIST? 

COUNT 

FOR  985.V985  ( FACH  X=  1) 

-1.6329 

. 6 

2 

+ XX 

-1.3829 

.6 

2 

♦ XX 

-1.  1329 

5.  1 

18 

♦XXXXXXXXXXXXXXXXXX 

-.88288 

8.  3 

29 

+XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

-.63288 

10.3 

36 

♦XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXaXXXXX 

-. 38283 

10.  5 

37 

+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

-.13288 

15.4 

54 

♦X XXXXXXXXXXXXXXXXXX XXX XXXXXX XXX X XX XXXXXXXXXXXXXXXXXXXX 

.11712 

13.4 

47 

♦xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

.36712 

12.  0 

42 

♦XXXXXX XX XX XX XXX XXX XXX XXX XXXXXXXXXXXXXXXXXX 

.61712 

15.  4 

54 

♦ XXXXXXXXXXXXXXXXXX XXX XXXXXXXXXXXXXXXXXXXX XXX XXXXXXXXXX 

.86712 

4.6 

16 

♦XXXXXXXXXXXXXXXX 

1.1171 

. 9 

3 

♦ XXX 

1.3671 

.3 

1 

♦ X 

1.6171 

.3 

1 

♦X 

1.8671 

0. 

0 

♦ 

2.1171 

.9 

3 

♦ XXX 

2.3671 

.9 

3 

♦ XXX 

2.6171 

. 9 

3 

♦ XXX 

MISSING 

1968 

TOTAL 

2 319 

(INTERVAL  WIDTH=  .25000) 

HCSTOGRAM 


ABS  PERIOD  G 


C-17 


MlOROIiNF 

HI  sr? 

COUNT 

FOk  986.V986  ( LACH  X=  1) 

-1. 738  7 

.6 

2 

+ XX 

-1.4887 

3.0 

10 

♦•XXXXXXXXXX 

- 1.2387 

4.  5 

15 

4-XXXXXXXXXXXXXXX 

-.98869 

6.3 

21 

♦^XXXXXXXXXXXXXXXXXXXXX 

-.73869 

11.9 

40 

^XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

-.48869 

12.2 

41 

♦•XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

-.23869 

11.6 

39 

4-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.U30!>  -1 

7.  7 

26 

♦■XXXXXXXXXXXXXXXXXXXXXXXXXX 

.26131 

/.  1 

24 

fXXXXXXXXXXXXXXXXXXXXXXXX 

.51131 

7.  1 

24 

♦•XXXXXXXXXXXXXXXXXXXXXXXX 

.76131 

11.6 

39 

♦■XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

1.0113 

8.  3 

28 

♦XXXXXXXXXXXXXXXXXXXXXXXXXXXX 

1.2613 

4.8 

16 

4-XXXXXXXXXXXXXXXX 

1. 5113 

1 . 5 

5 

♦xxxxx 

1. 7613 

1.3 

6 

^■xxxxxx 

MI SSING 
TOTAL 

1983 

2319 

(INTERVAL  W10TH=  .250001 

HI STUGKAM 


ABS  PERIOD  H 


C-18 


1 


midpoint 

HI  ST? 

COUN 

T FUR  987.V987  lEACH  X=  1) 

-1.5543 

1.4 

4 

4XXXX 

-I.T048 

2.1 

6 

+XXXXXX 

-1.0548 

3.  5 

10 

>XXXXXXXXXX 

-.30482 

2.1 

6 

+ XXXXXX  ■' 

-.55482 

7.6 

22 

♦xxxxxxxxxxxxxxxxxxxxxx  ; 

-.30482 

17.6 

51 

+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

-.54323  -1 

19.4 

56 

4XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.19513 

13.  0 

52 

4XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.44518 

18.0 

52 

4XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.69518 

6.9 

20 

+XXXXXXXXXXXXXXXXXXXX 

.94518 

1.0 

3 

+ XXX 

1.1952 

1.7 

5 

+XXXXX 

1.4  452 

.3 

1 

4X 

1.6952 

0. 

0 

1.9452 

0. 

0 

4 

2.  1952 

0. 

0 

•f 

2.4452 

. 3 

1 

4X 

MISSING 

TOTAL 

2030 

2319 

(INTERVAL  WI0TH=  .25000)  1 

f 

t 


W 


HISTUGKAM 


ABS  PERIOD  H 


C-18 


MIDPOIMT 

HI  ST? 

COUN 

T FUR  987.V987  (EACH  X=  1) 

-1.5543 

1.4 

4 

♦ XXXX 

-1.3048 

2.1 

6 

♦XXXXXX 

-1.0548 

3.  5 

10 

♦•XXXXXXXXXX 

-.80482 

2.1 

6 

♦XXXXXX 

-. 55482 

7.6 

22 

♦xxxxxxxxxxxxxxxxxxxxxx 

-.30482 

17.6 

51 

♦xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

-.54323  -1 

19.4 

56 

♦•xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

.19513 

18.0 

52 

♦xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

.44518 

18.0 

52 

♦•xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

.69518 

6.9 

20 

fXXXXXXXXXXXXXXXXXXXX 

.94518 

1.0 

3 

♦ XXX 

1.1952 

1.7 

5 

♦xxxxx 

1.4452 

. 3 

1 

♦ X 

1.6952 

0. 

0 

♦ 

1.9452 

0. 

0 

♦ 

2.  1952 

0. 

0 

♦ 

2.4452 

. 3 

1 

♦ X 

MISSING 

2030 

TOTAL 

2319 

(INTERVAL  MIOTH=  .25000) 

HISTOGRAM 

■ 

ABS  PERIOD  I ““  ^'19 

MIDPOINT 

HIST^ 

CO  UN 

T FOR  988.V988  IFACH  X=  1) 

-1.6259 

.8 

2 

♦ XX 

-1.3759 

.6 

1 

♦ X 

-1. 1259 

3.0 

8 

♦XXXXXXXX 

-.87593 

6.0 

16 

+XXXXXXXXXXXXXXXX 

-.62593 

13.9 

37 

♦xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

-.37593 

15.6 

61 

♦xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

-.12593 

15.6 

61 

♦xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

.12607 

13.  5 

36 

♦xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

.37607 

8.  3 

22 

♦xxxxxxxxxxxxxxxxxxxxxx 

.62607 

7.1 

19 

♦xxxxxxxxxxxxxxxxxxx 

.87607 

b.  6 

17 

♦xxxxxxxxxxxxxxxxx 

1.1261 

6.9 

13 

♦xxxxxxxxxxxxx 

1.3761 

3.8 

10 

♦xxxxxxxxxx 

1.6261 

1.1 

3 

♦ XXX 

MISSING 

2053 

TOTAL 

2319 

(INTERVAL  WIUTH=  .25000) 

0 

$ 

» 

« 

♦ 


I 


HISTOGRAM 


ABS  PERIOD  J 


C-20 


MIDPOINT 

HISI  « 

COUNT 

FUR  989.V989  (EACH  X=  1) 

-l.i498 

1.1 

3 

♦ XXX 

-1.0998 

4.1 

11 

>XXXXXXXXXXX 

-.84981 

5.6 

15 

♦XXXXXXXXXXXXXXX 

-.59981 

Z.b 

I 

♦XXXXXXX 

-.34981 

7.1 

19 

♦xxxxxxxxxxxxxxxxxxx 

-.99810  -1 

21.8 

58 

♦xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxjc 

.15019 

33.  1 

88 

♦ XXXXXXXXXXX XXXXXXXXXX XXX XXXXXXX XXXXXXXXXX XXXXXXXXXXXXXXX 

.40019 

18.4 

A9 

♦X XXX XXXXXXXXXXXXXXX XX XXXXXXX XXXX XXXXXXX XXXXXXXXXX 

.65019 

5.3 

14 

♦XXXXXXXXXXXXXX 

.90019 

.8 

2 

♦ XX 

MISSING 

2053 

TOTAL 

2319 

(INTERVAL  WIOTH=  .25000) 

C-20 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxx 
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1 C!iR  Branch  Office 
535  Clark  St. 

Chicago,  IL  60605 

ATTN:  Dr.  Charles  E.  Davis 

1 Office  of  Naval  Research 
Code  102 

Arlington,  VA  22217 

1 Office  of  Naval  Research 
Code  200 

Arlington,  VA  22217 

1 Office  of  Naval  Research 
Code  201 

Arlington,  VA  22217 

1 Office  of  Naval  Research 
Code  400 

Arlington,  VA  22217 

1 Office  of  Naval  Research 
Code  401 

Arlington,  VA  22217 


Washington,  DC  20390 

1 Head,  Manpower  Training  and 
Reserve  Group  (0p-964D) 

Room  4A538,  Pentagon 
Washington,  DC  20350 

1 Manpower  Analysis  and  Systems 
Development  Branch  (Op-121) 

Room  1606,  Arlington  Annex 
Washington,  DC  20370 

1 Human  Resources  Program  Manager 
Naval  Material  Command  (0344) 

Room  1044,  Crystal  Plaza  #5 
2221  Jefferson  Davis  Highway 
Arlington,  VA  20360 

1 Special  Assistant  for  Enlisted 
Force  Analysis 

Bureau  of  Naval  Personnel  (Pers  2x) 
Room  2628,  Arlington  Annex 
Washington,  D.C.  20370 

1 Director,  Human  Resource  Management 
Naval  Amphibious  School 
Naval  Amphibious  Base,  Little  Creek, 
Norfolk,  VA  23521 

1 Special  Assistant  for  Retention 
Analysis  (Pers-12) 

Room  2403,  Arlington  Annex 
Washington,  DC  20370 

1 LCDR  Charles  J.  Theisen,  Jr.,  MSC,  USN 
4024 

Naval  Air  Development  Center 
Warminster,  PA  18974 

1 Commanding  Officer 

U.S.  Naval  Avnphibious  School 
Coronado,  CA  92155 


D-2 


1 CDR  Paul  D.  Nelson,  MSC,  USN 
Naval  Medican  R&D  Command 
(Code  44) 

National  Naval  Medical  Center 
Bethesda,  MD  20014 

1 Commanding  Officer 

Naval  Health  Research  Center 
San  Diego,  CA  92152 
Attn:  Library 


1 Chief  of  Naval  Technical  Training 
Naval  Air  Station  Memphis  (75) 
Millington,  TN  38054 
Attn:  Dr.  Norman  J.  Kerr 

1 Principal  Civilian  Advisor  for 
Education  and  Training 
Naval  Training  Command,  Code  OOA 
Pensacola,  FL  32508 
Attn:  Dr.  William  L.  Maloy 


1 Chairman,  Leadership  & Law  Dept.  1 Dr.  Alfred  F.  Smode,  Director 

Div.  of  Professional  Development  Training  Analysis  & Evaluation  Group 

U.S.  Naval  Academy  Department  of  the  Navy 

Annapolis,  MD  21420  Orlando,  FL  32813 


1 Scientific  Advisor  to  the  Chief 
of  Naval  Personnel  (Pers  Of) 
Naval  Bureau  of  Personnel 
Room  4410,  Arlington  Annex 
Washington,  DC  20370 

1 Dr.  Jack  R.  Borsting 
Provost  Academic  Dean 
U.S.  Naval  Postgraduate  School 
Monterey,  CA  93940 

1 Mr.  Maurice  Callahan 
NODAC  (Code  2) 

Dept,  of  the  Navy 

Bldg.  2,  Washington  Navy  Yard 

(Anacostia) 

Washington,  DC  20374 

1 Office  of  Civilian  Personnel 
Code  342/02  WAP 
Washington,  DC  20390 
Attn:  Dr.  Richard  J.  Niehaus 

1 Office  of  Civilian  Personnel 
Code  263 

Washington,  DC  20390 

1 Superintendent  (Code  1424) 
Naval  Postgraduate  School 
Monterey,  CA  93940 


1 Chief  of  Naval  Education  and 
Training  Support  (OlA) 

Pensacola,  FL  32509 

•1  Mr.  George  N.  Graine 

Naval  Sea  Systems  Command,  SEA  047C12 
Washington,  DC  20362 

1 Navy  Personnel  R&D  Center 
Code  01 

San  Diego,  CA  92152 

5 A. A.  Sjo.holm,  Head,  Technical  Support 
Navy  Personnel  R&D  Center 
Code  201 

San  Diego,  CA  92152 

2 Navy  Personnel  R&D  Center 
Code  310 

San  Diego,  CA  92152 
Attn:  Dr.  Martin  F.  Wiskoff 

1 Dr.  Robert  Morrison 

Navy  Personnel  R&D  Center 
Coda  301 

San  Diego,  CA  92152 

1 Navy  Personnel  R&D  Center 
San  Diego,  CA  92152 
Attn:  Library 


1 Dr.  H.M.  West  III  1 Navy  Personnel  R&D  Center 

Deputy  ADCNO  for  Civilian  Planning  San  Diego,  CA  92152 

and  Programming  (Acting)  Attn:  Dr.  J.  Sachar 

Room  2625,  Arlington  Annex 
Washington,  DC  20370 


Dr.  Worth  Scanland 

Chief  of  Naval  Education  & Trainin 

NAS,  Pensacola,  FL  32508 


Army 


Technical  Director 
U.S.  Army  Research  Institute  for 
the  Behavioral  & Social  Sciences 
1300  Wilson  Blvd. 

Arlington,  VA  22209 

Armed  Forces  Staff  College 
Norfolk.  VA  23511 
Attn;  Library 

Commandant 

U.S.  Army  Infantry  School 
Fort  Banning,  GA  31905 
Attn:  ATSH-I-V-IT 


Commandant 

U.S.  Army  Institute  of 
Administration 
Attn : EA 

Fort  Benjamin  Harrison,  IN 


46216 


Dr.  Ralph  Dusek 

U.S.  Army  Research  Institute 

1300  Wilson  Blvd. 

Arlington,  VA  22209 

Dr.  Joseph  Ward 

U.S.  Army  Research  Institute 

1300  Wilson  Blvd. 

Arlington,  VA  22209 

Dr.  Ralph  Canter 

U.S.  Army  Research  Institute 

1300  Wilson  Blvd. 

Arlington,  VA  22209 

Dr.  Milton  S.  Katz,  Chief 
Individual  Training  & Performance 
Evaluation  Technical  Area 
U.S.  Army  Research  Institute 
1300  Wilson  Blvd. 

Arlington,  VA  22209 


1 DCDR,  USAADMINCEN 
Bid.  #1,  A310 
Attn;  AT21-0ED  Library 
Ft.  Benjamin  Harrison,  IN  46216 


Air  Force 

1 Personnel  Analysis  Division 
HQ  USAF/DPXXA 
Washington,  DC  20330 

1 Research  Branch 
AFMPC/DPMYP 

Randolph  AFB,  TX  78148 

1 AFHRL/AS  (Dr.  G.A.  Eckstrand) 
Wright-Patterson  AFB 
Ohio  45433 

1 Dr.  Marty  Rockv/ay  (AFHRL/TT) 
La-/ry  AFB 
Colorado  80230 

1 Dr.  Alfred  R.  Fregly 
AFOSR/NL,  Bldg.  410 
Bolling  AFB,  DC  20332 

1 Air  Force  Human  Resources  Lab 
AFHRL/PED 

Brooks  AFB,  TX  73235 

1 Major  Wayne  S.  Sellman 
Chief,  Personnel  Testing 
AFMPC/DPMYO 

Randolph  AFB,  TX  78148 

1 Air  University  Library 
AUL/LSE  76-443 
Hax\-/ell  AFB,  AL  36112 


Marine  Corps 

1 Director,  Office  of  Hapower 
Utilization 

HQ,  Marine  Corps  (cods  MPU) 
BCB,  Bldg.  2009 
Quantico,  VA  22134 

1 Dr.  A.L.  Slafkosky 

Scientific  Advisor  (Coda  RO-1) 
HQ,  U.S.  Marine  Corps 
Washington,  DC  20380 

Coas  t Guard 

1 Mr.  Joseph  J.  Cov;an,  Chief 
Psychological  Research  Branch 
(G-P-1/62) 

U.S.  Coast  Guard  Headquarters 
Washington,  DC  20590 


II  irriirr 


D-4 


Other  POD 

1 Dr.  Robert  Young 

Advanced  Research  Projects  Agency 
1400  Wilson  Blvd. 

Arlington,  VA  22209 

1 Mr.  Frederick  W.  Suffa 

Chief,  Recruiting  and  Retention 
Evaluation 

Office  of  the  Assistant  Secretary 
of  Defense,  M&RA 
Room  30970,  Pentagon 
Washington,  DC  20301 

12  Defense  Documentation  Center 
Cameron  Station,  Bldg.  5 
Alexandria,  VA  22314 
Attn:  TC 

1 Military  Assistant  for  Human 
Resources 

Office  of  the  Director  of  Defense 
Research  & Engineering 
Room  3D129,  Pentagon 
Washington,  DC  20301 

1 Director,  Management  Information 
Systems  Office 
OSD,  M&RA 

Room  3B917,  Pentagon 
Washington,  DC  20301 

1 Dr.  William  Gorham,  Director 
Personnel  R&D  Center 
U.S.  Civil  Service  Commission 
1900  E.  St.  NW 
Washington,  DC  20415 

1 Dr.  Joseph  L.  Young,  Director 
Memory  & Cognitive  Processes 
National  Science  Foundation 
Washington,  DC  20550 


1 Dr.  Gerald  V.  Barrett 
University  of  Akron 
Dept,  of  Psychology 
Akron,  OH  44325 

1 Dr.  Bernard  M.  Bass 
University  of  Rochester 
Graduate  School  of  Management 
Rochester,  NY  14627 

1 Dr.  Scarvia  B.  Anderson, 

ETS,  Suite  1040 
3445  Peachtree  Rd.,  HE 
Atlanta,  GA  30326 

1 Dr.  A.  Chames 
BEB  203E 

University  of  Texas 
Austin,  TX  78712 

1 Dr.  Kenneth  E.  Clark 

College  of  Arts  & Sciences 
University  of  Rochester 
River  Campus  Station 
Rochester,  NY  14627 

1 Dr.  John  J.  Collins 
Essex  Corporation 
6305  Caminito  Estrellado 
San  Diego,  CA  92120 

1 Dr.  Joseph  E.  Champoux 

School  of  Business  & Administration 
University  of  Mew  Mexico 
Albuquerque,  NM  87131 

1 Prof,  W.W.  Cooper 

Graduate  School  of  Business 
Administration 
Harvard  University 
Boston,  MA  02163 

Dr.  Robert  Dubin 
University  of  California 
Graduate  School  of  P.dministration 
Irvine,  CA  92664 

Dr.  Vorn  Urry 
Personnel  R&D  Center 
U.S.  Civil  Service  Commission 
1900  E.  St.,  MW 
Washington,  DC  20415 


1 Dr.  H.  Wallace  Sinaiko,  Director  1 
Manpower  Research  & Advisory  Services 
Smithsonian  Institution 
801  N.  Pitt  St. 

Alexandria,  VA  22314 

1 

1 Robert  W.  Stump 

National  Institute  of  Education 
Washington,  DC  202U8 


1 Prof.  Earl  A.  Alluisi 
Code  287 

Dept,  of  Psychology 
Old  Dominion  University 
Norfolk,  VA  23508 

1 Century  Research  Corporation 
4113  Lee  Highway 
Arlington,  VA  22207 

1 Dr.  Norman  Cliff 
Dept,  of  Psychology 
University  of  Southern  California 
University  Park 
Los  Angeles,  CA  90007 


^ CDR  Mercer 

aiET  Liaison  Officer 
AFHRL/Flying  Training  Div. 

Vlilliams  AF8,  AZ  85224 

1 Dr.  Richard  S.  Hatch 

Decision  Systems  Assoc.,  Inc. 

5640  Nicholson  Lane 
Rockville,  MD  20852 

1 Dr.  Lawrence  B.  Johnson 

Lawrence  Johnson  & Associates,  Inc. 

Suite  502 

2001  S.  St.,  NM 

Washington,  DC  20009 


1 Dr.  John  D.  Carroll 
Psychometric  Lab 
Davie  Hall  01 3A 
University  of  North  Carolina 
Chapel  Hill , NC  27514 

1 Dr.  Marvin  D.  Dunnette 
Dept,  of  Psychology 
University  of  Minnesota 
Minneapolis,  MN  55455 

1 ERIC  Facility-Acquisitions 
4833  Rugby  Ave. 

Bathesda,  MD  20014 

1 Major  I.M.  Evonic 

Canadian  Forces  Personnel 
Applied  Research  Unit 
1107  Avenue  Rd. 

Toronto,  Ontario,  CANADA 

1 Dr.  M.D.  Havron 

Human  Sciences  Research,  Inc. 
7710  Old  Spring  House  Rd. 

West  Gate  Industrial  Park 
McLean,  VA  22101 

1 Dr.  Victor  Fields 
Dept,  of  Psychology 
Montgomery  College 
Rockville,  HD  20850 

1 Dr.  Edwin  A.  Fleishman 

Advanced  Research  Resources 
Organization 
8555  16th  St. 

Silver  Spring,  MD  20910 

1 Dr.  Robert  Glaser,  Co-Director 
University  of  Pittsburgh 
3939  O'Hara  St. 

Pittsburgh,  PA  15213 


1 HumRRO/Westem  Division 
27857  Berwick  Dr. 

Carmel,  CA  93921 

Attn:  Dr.  Robert  Vineljerg 

1 Dr.  Ezra  S.  Krendel 
Wharton  School , DH/CC 
University  of  Pennsylvania 
Philadelphia,  PA  19174 

1 Dr.  Robert  R.  Mackie 

Human  Factors  Research,  Inc. 

6780  Corton  Drive 

Santa  Barbara  Research  Park 

Goleta,  CA  93017 

1 Richard  T.  Howday 

College  of  Business  Administration 
University  of  Oregon 
Eugene,  OR  97403 

1 Mr.  Luigi  Petrullo 
2431  N.  Edgewood  St. 

Arlington,  VA  22207 

1 Dr.  Lyman  Porter,  Dean 

Graduate  School  of  Administration 
University  of  California 
Irvine,  CA  92717 

1 R.  Dir.  M.  Rauch 
P II  4 

Bundesministerium  der  Verteidigung 
Postfach  161 
53  Bonn,  1,  GERMANY 


D-6 


1 


1 


Dr.  Joseph  W.  Rigney 
University  of  So.  California 
Behavioral  Technology  Laboratories 
3717  South  Grand 
Los  Angeles,  CA  90007 

Dr.  Leonard  L.  Rosenbaum 
Chairman 

Dept,  of  Psychology 
Montgomery  College 
Rockville,  MD  20850 


1 Dr.  Frank  Pratzner 

The  Center  for  Vocational 
Educati on 

Ohio  State  University 
1960  Kenny  Rd. 

Columbus,  Ohio  43210 


1 Dr.  Benjamin  Schneider 
Dept,  of  Psychology 
University  of  Maryland 
College  Park,  MD  20742 

1 Dr.  Lyle  Schoenfeldt 
School  of  Management 
Rensselaer  Polytechnic  Institute 
Troy,  New  York  12181 


1 Dr.  C.  Harold  Stone 
1428  Virginia  Ave. 
Glendale,  CA  91202 

1 Dr.  David  J.  Weiss 
Dept,  of  Psychology 
N660  Elliott  Hall 
University  of  Minnesota 
Minneapolis,  M?i  55455 

1 Dr.  Anita  VIest 

Denver  Research  Institute 
University  of  Denver 
Denver,  CO  80201 

1 Dr.  Earl  Hunt 

Dept,  of  Psychology 
University  of  Washington 
Seattle,  WA  98105 

1 Prof.  Fumiko  Samejima 
Dept,  of  Psychology 
Austin  Peay  Hall  304C 
University  of  Tennessee 
Knoxville,  TN  37916 

1 Dr.  John  Uannous 
Dept,  of  Management 
Michigan  State  University 
East  Lansing,  MI  48823 


A 


